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1.0 INTRODUCTION

VSAERO is a computer program for calculating the non-linear
aerodynamic characteristics of arbitrary configurations in sub-
sonic flow, Non-linear effects of Vortex Separation and Vortex-
Surface interaction are treated in an iterative wake-shape calcu-~
lation procedure, while the effects of viscosity are treated in
an iterative loop coupling potential flow and integral boundary
layer calculations. The program is under continued development
(Lefs. 1 through 5) in a number of directions outlined in Figure
1, The present document is an interim User’s HNanual for the
basic non-linear capability identified in Figure 1, The program
scope covered by this document is given in Section 2.0.

The basis of the computer program is a surface singularity
panel method using quadrilateral panels on which doublet and
source singularities are distributed in a piecewise constant
foru, The panel source values are directly determined by the
external Neumann boundary condition controlling the normal
component of the local resultant flow: the doublet values are
solved after imposing the intermal Dirichlet boundary condition
of zero perturbation potential at the centers (underside) of all
the panels simultaneously. Surface perturbation velocities are
obtained from the gradient of the doublet solution, while field
velocities are obtained by direct summation of all singularity
panel contributions. An outline of the mathematical formulation
for the basic method is given in Section 3.0,

Details of the configuration modelling are given in Section
4.0, while Section 5.0 shows lhow the off-body velocity scan
volumes are formed. Section 6.0 describes the way the program is
run on the C.D.C. Cyber 176.

The program input is described in Section 7.0 in three ways:
first, the input variables are listed card by card; secondly, the
function of each variable is described in detail omn a card by
card basis, and finally, a flow chart of the input is given
showing in a more visual way the sequence and relationship of
cards according to the various input options, This latter form
is especially useful when some familiarity with the input
variables has been gained.

The program output is described in Section 8,0, while the
input and output for an example case of a wing-body configuration
is given in the Appendix.

The program is written in standard FORTRAN IV and has been
developed on the C.D.C. Cyber 176 computer. l!Minor changes to the
code allow it to run on IBK and Cray computers. There are two
versions of the basic code; the first allows up to 1,000 panels
(i.e., unknowns) and the second allows up to 3,000 panels., VWhere
limiting values for variables are quoted the 1,000 panel numbers
comes first followed by a slash then the 3,000 panel number. For
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example, the core requirement (octal) for the progranm is
234K~-203K ian SCH and 0-321K in LCi.

The CPU time required by the program is plotted in Figure 2
against the number of panels (unknowns), The CP seconds are
converted to CDC 7600 values., The run times are for cases with
symmetry about the x-z plane; i.e., the actual number of panels
is double the value shown. The approximate effects of wake
complexity and iteration cycles are indicated in Figure 2.
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2.0 PROGRAM SCOPE

This section describes the general capability of the program
covered by the present user manuel, Other options are imn the
code--in fact, several of these appear in the input lists here;
however, these are still in the process of being checked out or
are being developed further.

The program was generated primarily for analyzing high-1lift
configurations; however, a number of additional fecatures now
allow the program to be applied to complete aircraft
configurations, including wings, bodies, tailplanes, fims, slats,
slotted flaps, powered nacelles, etc. The non-linear wake
relaxation routines for the high-1ift calculations are applicable
also to the full configuration cases.

The analyses are normally performed in ’'symmetrical’ flight;
i.e,, only one half of the aircraft geometry is described.
Asymunetric conditions can be treated but the complete geometry
nust be described at this time (i.,e., even if the geometry has
syumetry).

The configpuration can be analysed in ground effect; the
ground plane is actually the horizontal x-y plane of the global
coordinate system, The components of the configuration can be
moved and rotated within the program to set up the required
conditions. Non-zero normal velocities can be specified on user-
selected sets of panels to represent inflow or outflow; e.g., for
powered nacelles, Vortex sheet wakes, recpresenting the shear
between outflow (jet) velocity and local extermal velocity, are
then attached to the surface panels to enclose each jet.

Although the program deals primarily with closed surfaces
(i.e., thick wings and bodies), provision is made to treat open
surfaces also. In suck cases only the Neumann boundary condition
is satisfied and the singularity model for that part of the
surface is identical to that used in the quadrilateral vortex

method (Ref. G). Open and closed surfaces can be mixed in a
configuration. .

Surface streamline calculations cen be reguested. Each
calculation starts in a panel and proceeds upstream and
downstream until either a stagnation region is entered or until
the calculation reaches an edge or a cut in panel neighbor
relationships (see 3.2). The user supplies a set of ’'starting’
panels to adequately cover the region(s) of interest.

Two integral boundary layer calculation options are provided
in a viscous~-potential flow iditeratiom coupling. The wuser
specifies the number of iteration cycles.

At the end of the calculation the user can request off-body
velocity surveys and off-body streamlines.



The program generates a plot file of geometric aud
acrodynamic data, The user must save this in the JCL (see 6.2)
for plotting at a later stage. The progrem can also generate
restart files for the purpose of comtinuing with the calculation

at a later stage (see 6.3). Provision is made to change some of
the input data on a restart run.

GINAL PAGE 3
OF POOR QUALITY
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3.1 Formulation

The general arrangement of a configuration is shown in
Figure 3 and is described in terms of a body-fixed GLOBAL
COORDINATE SYSTE! referred to as the G.C.S. The configuration is
immersed in a uniform onset flow, Vm with velocity potential ¢ .
Potential flow is assumed to exist both inside and outside the
boundaries of the configuration. In the external flow field
(i.e., the one of interest) the total velocity potential, &, is
the sum of the onset flow potential, ¢ _, and the perturbation
potential, ¢. Similarly, the total velocity potential inside the
configuration is ¢i‘ For the present description, the wake
surfaces are assumed to have vanishing thickness with zero
entrainment.

After asapplying Green's Theorem to the inner and outer
regions and combining the resulting expressions, the velocity
potential at a point P on the inside surface can be written

41@ ff (@-@)n-v(%)ds-h(cp-@‘.)p
jf(@u-qa -v(‘)dw
+ff-::n-.(vq>1.-v¢)ds+4w¢wp
S

(1)

where r is the length of the vector from the surface element to
the point P, and S-P signifies that the point P is excluded from
the surface integral. &, - &; is the local jump in potential
across the wake surface, V. Equation (1) gives the total poten-
tial at the interior point, P, as the sum of perturbation poten-
tiuls due to a8 normal doublet distribution of strength
(d - ) on S and (%, - @Ll on W, respectively, and a source
dzltr:%utxon of strength n(Vd; - VO on S. The potential for
the uniform onset flow, ¢w , is also included.

In principle, an infinite number of combinations of doublet
and source distribution will give the same external flowfield,
but different internal flowfields. To render a unigque
combination of simgularities either one of the singularity
distributions must be specified (e.g., O = 0 in the doublet-only
formulation) or, as in the present case, the internal flow must
be specified, There are several reasonable options for the
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internal potential flow. On the of most convenient options is to
set ; = d_,. This internal Dirichlet boundary condition gives
zero perturbation to the onset flow inside the configuration.

Eqn. (1) becomes:
0=/! ¢’ﬁ-v(-})d$-2n¢p
(I
+[ (¢U-¢L)'ﬁ.v(—l—)dw
+ff L H - (v, - vo)ds
S

where ¢j» the perturbation potential in the flow field, has been
substituted for ¢ -9,

(2)

The first two terms in Egn. (2) give the perturbation poten—
tial due to a distribution of normal doublets of strength, 4, on
the configuration surface, S, Similarly, the third term rep-

resents a doublet distribution of strength, oy - ®p, on the wake
and the fourth term represents a source distribution of stremgth
n * (Vy - V®) on the configuration surface.

.For the problem of analyzing the flow about a given
configuration geometry, the doublet distribution, ¢, is the
unknown while the source distribution is determined directly by
the external Neumann boundary condition:

n e V= -y
where Yy is the local normal velocity component of the external

flow relative to the*fixed surface. (This component is positive
in the direction of n.).

For solid boundary conditions, VN is zero; for more general
cases, however, Vjy c¢an have several parts representing various
special effects (Refs. 1 through 5). Two of these effects are
considered here:

(i) boundary layer displacement effect using the
transpiration technigue; and

(ii) inflow-outflow for engine inlet-exhaust representation.
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Thus,

9
Vy = §§(Ue6*) + VNORL
where the first term represents the rate of ‘growth’ of the
boundary layer and the second term, vNORM: is positive for out~
flow and negative for inflow. The boundary layer term is usually

zero at the start of the calculation and is then updated during
eackh viscous~potential iteration cycle,.

Thus the source strengths can be evaluated in Eqn. (2)
before each doublet solution:

n o (Vo - V$) = 4mo = %(Ue(g*) + VNORM -n .V

oo

The above intermal Dirichlet boundary condition is
applicable for closed surfaces only, If there are parts of the
surface that are extremely thin (e.g., thickness~-chord ratio <
5¢%), or are wing-like and are well away from the area of
interest, then these can be represented by open sheets using the
Meumann boundary condition only. The trecatment of these open
surfaces is identical to that in the quadrilateral vortex method
(Ref. 6). The thinm and thick options may be mixed within the

matrix of influence coefficients and so a configuration can
include patches of both types.

3.2 HNumerical Procedure

Figure 4 shows a flow chart of the numerical procedure for
the complete solution, For this purpose the configuration sur-
face and wake are represented by a number of flat quadrilateral
panels (Figure 3). (The way the panels are formed will be
treated in Section 4.,) The surface integrals are performed in a
piecewise manner with the assumption of uniform singularity
distributions over eack panel. Eqgn, (2) is then satisfied simul-
taneously at a control point on each surface panel, i.e., Eqgn.
(2) becomes

Ng Ny Ng
E (u,C,,) - 2mu, + E (p C )+ E cB =0; J=1, NS
K*JK J W, JK K JK
K=1.K#J k=1 Wk K=1 (3)

where Ng, Ny a8re the number of surface and wake panels,
respectively, The panel doublet value (unknown) is dK/4n. The
quantities Bjyp, Cjyg are the perturbation velocity influence
coefficients for the constant source and doublet distributions,
respectively, -on panel K acting on the control point on panel J.
(The control point is the average point of the panel'’s four
corners.) These coefficients include contributions from 'image'

10
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for cases of symmetry and-or ground effect., (For control points
on open surfarces the Neumann boundary condition equation has a
similar form to Eqn., (3), but the influence coefficients are for
the normal compoment of imduced velocity.)

Equation (3) is solved by & direct method when N‘
and by a2 blocked Gauss-8Seidel iterstive procedure for
above this,

£ 320-630
Ns values

The surface gradient of p is eveluvated on each panel by
differentiating & tvo-vway parebolic curve fit through the doublet
values on the panel and its four immediate mneighbors. At certain
lines on the surface where there is a jump inm local conditions,
e.g8., wake separation lines, edges of inflow-ountflow regions,
etc., the program ’'steps back' and uses information from the
'neighbor of a mneighbor’ to avoid takimg a gradient across such a
line. The doublet gradient provides the local tangential
velocity perturbation which is combined with the local tangential
component of the onset flow to give the total local velocity.
This is nsed to evaluate the pressure coefficient at each panel's
center., The integrated force and moment for the configuration
and its parts are obtained by summing the pressure force and
moment contributions from each panel,

When a2 solution has been formed, a wake shape iteration loop
can be executed, In this loop the wake is repositioned so that
the streamwise edges of wake panels are aligned with the local
calculated flow directions. The wake panels and their influence
coefficients are then reformed prior to s new solution, Figure 4.

WVhen the wake shape iditeratiom is completed the
viscous-potential iteration loops can be entered. At this time
there are two integral boundary layer optioms., The first (B.L.1
in Figure 4) is an infinite swept wing stripwise calculation
intended primarily for wing-type surfaces. This method is des-
cribed in Referemnce 7. It vses calculated pressure and velocity
distributions from streamwise strips on the wing. The second
option, B.L.2, is a twvo-dimensional boundary layer calculation
along calculated streamlines; local curvature effects are treated
as if the surface were part of an axisym-metric body (Ref., 8).
Use of the B.L.2 option requires surface streamline calculations
to be performed and is applied mainly on body-type surfaces.

Both boundary layer routines retuornm trenspiration source
values back to the potential flow code. Since the source values
only affect the right—~hand side of the equations, a new solution
can be readily obtained (Figure 4). The boundary lasyer routines
slso provide the locations of separation limnes; if there is s
large amount of separation or if the separation zone has changed
merkedly from the previous iteration solution, then a new wake
must be formed before the next solution, This part of the pro-
cedure is still beimg checked out.

12
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After the last iteration, off-body velocity surveys and off-
body streamlines may be executed. These use a general velocity
calculation scheme somewhat similar to Eqn. (3) except velocity
influence coefficients are used instead of velocity potential
coefficients. Special near-field techniques are activated for
velocity points that are close to the body surface or wake.

7]
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4.1 Overview

This section describes the way the configuration is
subdivided to form the set of pamels used in the numerical
solution, The operation has been designed with a view to both
user convenience and to intermal efficiency in the program code.
First, the panels are orgsnized in a multiple level hierarchy to
facilitate treatment of complicated configurations and also to
simplify relocating separate pieces of a configuration (e.g.,
flaps): inside the code the organization simplifies the problem
of identifying a panel’s immediate neighbors. Secondly, options
for automatic paneling are provided so that it is not necessary
for the user to provide the actual panel cormer points. (lle
still ¢can do this if he wants to.,) These options also provide a
powerful capability for changing, in a later run, the emphasis of
high panel density from one part of the configuration to another.
Such a repaneling is achieved with only minor changes to the
input file, the input geometry can remain essentially the same.

4.2 IDierazchy

The description of the mathematical model in 3.1 has already
shown the initial breakdown of a CONFIGURATION into two major
parts; viz., the (solid) SURFACE and the (flexible) WAKE. In
fact, on a2 complicated configuration, there may be several
separate surfaces and several wakes. Eaclh wake is broken down
directly into columns of WAXL PANLLS while the surface is
subdivided into several parts; i.e., COMPONENTS, ASSCHBLIES,
PATCHES and PANELS, Figure §. (Panels are further subdivided
into SUBPANELS, but this is an internal s&sutomatic feature
activated for special treatment of near-field velocity
calculations,)

The swallest "stand-alone’ part of a configuration surface
is a PATCII. A patch contains a rectangular array of PANELS.
Patches are grouped together under two headings (Figure 5):
COMPONENTS and ASSEMBLIES. These are at the same level in the
hierarchy because they each contain one or more patches, in fact,
they overlap. The main difference betweer the two groupings is
that the patches within an assembly are regarded as detached from
patches on other assemblies while the patches within a component
may or may not be contiguous with patches of other components,

The nature, purpose and treatment of each part of the
configuration are described in the following subsections; in the
meantime, Figure 6 shows an exanple of the breakdown of a high-
1ift wing configuration into assemblies, components and patches.
The wing has a leading~edge slat and part-span slotted flap.
Thus there are three separate pieces of surface which are
identified as separate assemblies. For this example, the wing
and slat have been placed under component 1 and the flap is

14
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CONFIGURATION
P L
ASSEMBLY COMPONENT
PATCH

PANEL WAKE PANEL

i H

' }
NI SR, R
| SUBPANELS _; E_SUBPANELS _:

Figure 5. Configuration Hierarchy.
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ASSEMBLY 1 ASSEMBLY 2
(SLAT) (WING)

COMPONENT 1 (WING+SLAT)

\

COMPONENT 2

PATCHES (FLAP)

ASSEMBLY 3
(FLAP)

Figure 6. Examples of Assemblies, Components and
Patches on a High-Lift Configuration.
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called Component 2--this grouping is entirely up to the user.
The grouping shown allows the flap to be easily repositioned to a
new setting later on (see the component subsection). Typical
patches (A, I, C, D) eare indicated im Figure 6. As will be
described below in 4.5,7.2, automatic procedures can be called on
to form the tip-edge patches closing the wing, flap and slat. (A
small closing patch can be left off when a detailed solution is
not required in that area.)

4.3 Assembly

An assembly is a completely separate piece of the surface.
For example, the entire wing, fuselage, fin, tailplane and
nacelle of an aircraft configuration would form ore assembly,
while slotted flaps, slats, etc.,, would be separate assemblies.
(Small attachment structures would not normally be represented in
the global treatwent of a full configuration.)

The priumary function of the assembly status is to prevent
panel neighbor relationmships being formed across small slots or
gaps. Each panel needs to 'know' its four immediate neighbors
for the purpose of evaluating the doublet gradienmt (3.2). Within
2 patch the neighbor relationships are straightforward, but
across patch edges the panel neighbors are identified by an
automatic procedure. During its search for possible neighbor

candidates, this procedure only considers panels within the same
assembly.

A secondary function of an assembly is that it has its own
printout of integrated force and moment data.

The assembly number for each patch is identified om the
patch card (CARD 10) using the variable KLASS.

4.4 Componmnent

The set of patches forming a component is completely in the
hands of the wuser and the patches need not necessarily be
contiguous, The main function of a component is to provide the
user with a separate printout of integrated force and moment data
for his selected parts of the configuration, The component
number for a patch is set by an internal counter, This counter
is incremented by one when the user places a value of 4 for NODES
on a patch'’s terminating section card (CARD 11). (Note that a
component card (CARD 9) for the new component must them precede
the next patch card (CARD 10)).

It should be remembered that the order of patches in the
input is dictated more by surface proximity (see 4.5.4) rather
than the user’s choice of patch sets for a component., For this
reason, provision is made to override the current component
counter using the variable KOHP on the patch card (CARD 10).
This does not change the counter value, it merely identifies the

17
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present patch with another component; this facility must not be
used on the first patch of a new component. (Why change the

— i > S

counter otherwise?)

Each component can be defined in its own COPOMNENT
COORDINATE SYSTEHM (referred to as the C.C.S.). This facility
allows all the patches within a component to be scaled, moved and
rotated (in that order) en bloc with one instruction on the
component card (CARD 9).

The component card contains the appropriate transformation
information which converts the geometry from the C.C.S. to the
global coordinate system (referred to as G.C.S.). This
information includes (i) the tranmslatiom vector, (CTX, CTY, CTZ),
which is simply the origin of the C.C.S. located in the C.C.S.;
(ii) the scaling factor; and (iii) the rotation angle, 6, 'about a
hinge line vector, h, Figure 7. Provision is made for the user
to specify two points on a general hinge line vector (in the
€C.C.S.), otherwise the y-axis in the C.C.S. is used. Both the
scaling and the rotation are applied in the C.C.S. prior to the
translation,. This component transformation is performed at the
end of the geometry input routine, i.e., after the basic geometry
of the complete configuration is assembled.

The developed (i.e., 'opened out’) shape of a patch should
be roughly four~sided to keep panel shapes and distributions
reasonably regular, This does not exclude the presence of kinks
in any or all of the patch sides, but kink angles should not be
large (the upper limit has not been established, but for the time
being 600 should be regarded as a large kink angle). One side or
two opposite sides of a patch may be reduced to zero length
provided the overall patch shape is reasonably regular. Figure 8§
gives some basic guidelines for acceptable patch shapes.

Awkwardly shaped surfaces may be represented by several
patches, whereas simple shapes may require just one patch. 1In
Figure 6, for example, parts A, B, € and D are typical patches on
assembly 2. The main surfaces of assemblies 1 and 3 may be
formed by single patches; additional patches may be used to cover
the open ends (shaded). Patches that are wrapped around until
two opposite sides meet (e.g., patches A, B and C in Figure 6)
are referred to as FOLDED PATCHES. It is recommended that folded
patches (with sides 2 and 4 meeting) be used to represent all
wing-type surfaces.

18
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Figure 7 . Componeént Transformation.
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4.5.2 (Convention

We have seen above that a patch is basicaelly a four-sided
shape when developed or ‘opemned out’, It must always be regarded
as such even if one of the sides or two opposite sides are made
zero or if some of the sides have kinks. In the following
discussions patches will often be regarded as rectangular—-this
is purely a convenience for discussion relationships and is not a
shape restriction, Our view of the patch will always be from the
ountside; i.e., looking onto the wetted surface frow a point in

the flow field,

For convenience the terms 'chordwise’ and 'spanwise’ are
used to describe the directions of the panel columns and rows,
respectively, Figure 9, These directions are analogous to the
conventional wing layout, but, in the patch comntext, these
Gdirections are not restricted to the x and y directions,
respectively. For exanmple, on a patch representing the wing tip
it is convenient to have the columns of panels vertical and the
rows of panels to be parallel to the wing chord; in this case,
therefore, the 'chordwise’ direction on the patch is actually
vertical while its 'spanwise' direction is along the wing chord
(see later in Figure 22),

Patch geometry is defined using chordwise lines called
SECTIONS. (These are described below.) A set of sections
distributed spanwise across a patch defines the patch surface.
The convention adopted here is that points defining a section
shape proceed frow top to bottowm, Figure 10. (in the case where
a patch represents the main surface of @ wing, this convention
causes the points defining each section to proceed from the
trailing-edge lower surface and finish at the trailing-edge upper
surface,) In our view of the patch, the order of the sections
proceeds in the positive spanwise direction, Figure 10,

For the purpose of automatically connecting panels from one
patch to another, it is important to identify patch sides. The
convention adoped here is that the first and last sections
defining a patch correspond to sides 1 and 3, respectively. With
this comvention, the order of the sides is anticlockwise, Figure
9. The order of the corner points follows the same sequence as
the sides, starting with 1 at the top of side 1. All the panels
within a patch take the same side and cormer point convention as
for the patch.
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SPANWISE

-
SEQUENCE OF BASIC POINTS
DEFINING ~~—w ,
EACH SECTION 2
3
4
D va ©) @ ©)

CHORDWISE

/

\

SIDE 3

SIDE 1

\-SEQUENCE OF SECTIONS
DEFINING PATCH SURFACE

Figure 10. Sections Defining Patch Surface.
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4.5.3 Parameters

e e s e . s o S o W

The main parameters associated with a patch are:
PNAME, IDENT, KLASS, EKOHP, NROW, NCOL, IPAN, LPAN, NPAN

PNAME is an optional text description for each patch while IDENT
gives the patch type. At this time IDENT = 1 and 2 are used for
patches on closed surfaces, 1 for a wing type and 2 for a body
type. Both of these use the intermnal Dirichlet boumndary
condition, IDENT = 3 is for patches on open surfaces; on these
the Meumann boundary condition is used, Different printouts are
used for the analysis results depending on the IDENT value.

KLASS and EOMP are the assembly number and component number
associated with each patch and NROV, NCOL hold the patch’'s number
of rows and columns of panels, respectively. IPAN and LPAN are
the first and last panel subscripts (absolute) on the patch and
NPAN is the number of panels on the patch.

4.5.4 1Input Order

The order of input patches and their orientation is not very
restrictive. The main requirement is that patches with panels
'facing’' each other across a small gap (i.e., small in relation
to panel size) should be kept together in the input. The upper
and lower surfaces of a wing in the trailing-edge region should
be part of the same patch to ensure that the upper and lower
panels at the trailing edge occur in the same column of the
patch; in this way they are sure to fall in the same matrix block
in the Gauss-Seidel iterative solution procedure.

Patches adjacent to each other and essentially in the same
Plane can be separated in the patch sequence--this is because a
panel’s potential influence coefficient at a point beyond its
perimeter is small near the plane of the panel,

4.5.5 Sections

e e s e . i . B P i S, I T s e M A . S W M i S e S

Each section of a patch may be defined in its own local
coordinate system, referred to as the SECTION COORDINATE SYSTEI!,
or S.C.8. The user provides the necessary information on the
section card to transform from the S.C.S. into the C.C.S. This
transformation is performed immediately a section’s geometric
description is complete. This transformation is separate from
the component transformation im which the complete component is
converted into the G.C.S, (at which stage the $.C.S. geometry is
discarded). This double transformation--both levels of which are
optional--offers useful flexibility when preparing the input
data, One particular advantage is that the geometric

relationslhips--especially the rotations--are kept reasonably
simple without sacrificing generality.
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The information required to transform from the 5.C.S. into
the C.C.S. (sce Figure 11) consists of: (i) the translation
vector, (STX, STY, STZ), which is the position vector of the
S.C.8. origin expressed in the C.C.S. coordimnates; (ii) 2 scaling
factor which is applied in the S.C.S.; (iii) the rotation angle
(ALF, degrees) about the y-axis of the S.C.S.; and (iv) the angle
(THETA, degrees) in the C.C.S. x-y plane, between the projection
of the S8$.C.S. y-axis and the C.C.S, y~-axis.

4.5.5.2 DBasic Points

The contour line of each section is defined by a set of
BASIC POINTS, (DX, BY, BZ). These points may be used directly as
panel corner points, i.e,, MNANUAL PANELIMG, in which case the
user must take care over the number of input points.
Alternatively, an AUTOMATIC PANELLLNG ROUTINE, referred to as tke
A.P.R. may be activated which interpolates through thke basic
points to form a2 new set of points corresponding to pamncl corner
points. (Note, this is just a temporary set as the user may opt
to use the A.P.,R. in the spanwise direction as well, in which
case the sections do not necessarily line up witkh panel edges.)

No matter which paneling option has been selected, basic
points should be reasonably dense in regions of high curvature,
such as near the wing leading edge.

Several options have been provided for defining the basic
points and these, in combination with the two-stage
transformation described above, provide pgreat flexibility when
preparing the input. 7The options may be exercised at the section
level so the input form may be changed from section to section.
The options available at this time are described below and are
controlled by the value of INPUT. INPUT takes the value of
INHODE on the section CARD 11 for values of 1 through 4; these

are illustrated inm Figure 12, together with instances for their
use.

INPUT values of 1, 2 and 3 are vsed when a section lies in
one of the reference planes of the chosen $.C.S.; in these cases
we have a constant coordinate, x, y, or z, respectively. With
one coordinate fixed, we need input only two coordinates for each

basic point, e.g., ¥y and z when INPUT = 1. Provision is made to
specify a third quantity to give a local adjustment to the 'con-
stant’ coordinate, e.g., when using INPUT = 2 we may specify x, =z

and Oy. Usually the O-quantity is left blank (i.e., 0). The
basic value for the constant coordinate is zero until the section
points are transformed into the C.C.S., so the value of that
coordinate in the C.C,S8. must be provided in the transformation
information on the section CARD 11.

INPUT value of 4, which requires all the components of each

basic point position vector, is used when defining a completely
arbitrary se'ction shape.
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Z = CONSTANT PLANE IN THE .
/ COMPONENT COORDINATE SYSTEM

-» Y

o— y~=AXIS OF THE SECTION
4 COORDINATE SYSTEM IS
PARALLEL TO THE C.C.S.

THETA X -Y PLANE

x ¢

VIEW

CuCQS. X-Y PLANE—\

VIEW IN DIRECTION OF 5.C,S, Y- AXIS

Figure 11. Section Transformation Into C.C.S.
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INPUT = 1 f;
U INPUT = 4
INPUT = 2 INPUT = 3
X
X
INPUT = 4
\
\
\
\
» INPUT = 3
S \ = 3 (WINGLET)
N \
\ INPUT = 4

INPUT = 1}

Figure 12. Basic Point Input Options 1 through 4.
Note: INPUT=INMODE on CARD 11 for these
cases.
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An optiom to input basic points in polar coordinate formeat,
see Figure 13, has been provided. This requires INILODE = 12 on
the section card., Other INHMODE optiomns have been provided for
automatically generating basic points on certain shapes: these
will be described below in 4.5.5.3.

Zero or negative INMODE values allow the present section's
defined section. The section number is (~-INMODE) except when
INHODE = 0; the latter copies over the points from the section
just completed, The section number specififed is the absolute
number from the beginning of the input and includes other copied
sections as well as sections which may have been generated
automatically, If the section counting becomes complicated,
alternative ways of copying are available as described uncer
sspecial routines (4.5.7). The basic points are copied from the
s.C.8, set (i.,e., as originally specified) and are then
transformed to the present C.C.S. according to the new section'’s
transformation information.

4.5.5.3 Chordwise Regions

The basic points defining a section may be assembled in a
number of CEHORDVISE REGIOMS for the purpose of controlling the
panel density and distribution om that section, In addition, the
option on manual or automatic paneling is selected at the
chordwise region level, allowing the user to switch from one to
the other within each section wherever he chooses. Chordwise
regions are used only as an input convenience anc¢ are discarded
in the program as soon as the surface paneling is complete.

A chordwise region must end on 2 basic point called a NODE
POINT, Figure 14. A HODE CARD, containing the chordwise region
paneling information (see below), inserted after a basic p int in
the input deck identifies that point as the end of a chordwise
region, MNode points are usually placed at ‘problew’ areas where
large velocity gradients are exzpected to occur, e.g., flap hinge
line, leading edge, close-interference regions, but the user can
place them wherever he wishes to change from one panel scheme to
another or to ensure panel matching on patches facing each other

across small gaps, Four types of node point are provided at this
time and are described below.

The information omn a MODE CARD consists of just three
integers.

(i) NODEC identifies the node point and its type.
(ii) NPC is the number of panels to be generated by the

A.P., in the chordwise region just completed--a
zero value gives manual paneling.
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(X,Y,2)

INPUT: X, RAD, THET (DEGREES)

RAD xsIN (THET)
RAD % cos (THET)

PROGRAM COMPUTES: Y
y4

Figure 13. Polar Coordinate Input (INMODE=12).
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BASIC POINTS DEFINE
SECTION SHAPE

NODE POINTS
—
-6
DISCONTINUOUS
SLOPE CAN BE
CHORDWISE REGIONS SPECIIED )

\ ]
SEQUENCE OF
BASIC POINTS

ON EACH SECTION

Figure 14. Chordwise Regions on a Section.
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(iii) INTC controls the form of the distributior in the
auvtomatic paneling mode and is inactive in the
manual paneling mode.

(The C on the end of each quantity distinguishes the

chordwise from the corresponding spanwise quantities, which end
in 8, 4.5.6)

MODEC values of 1 or 2 specify the end of a chordwise region
with, respectively, continuous or discontinuous surface slope
onto the next chordwise region. These values are, therefore,
used only on regions ending in the interior of a section, The
last point on a section is specified by NODEC = 3 and is the oxnly
node point that must always be specified even if manual paneling

has been selected. Negative NODEC values are also permitted and
initiate a special copying routine described in 4.5.7.1.

Four panel spacing options are provided in the A.P.R. The
action of INTC values of 0, 1 and 2 is illustrated in Figure 15,
and is based on the cosine distribution giving increased panel
density towards, respectively, the beginning and end, the
beginning only, or the end only, of the region. ELqgual spacing
throughout the region is provided by INTC = 3. Coupled with the
flexibility offered by the choice of chordwise region location,
these spacing options have proven adequate so far; however, other
options could easily be added should the need arise later, e.g.,
one based on increments in integrated surface curvature, or on
increments in doublet value frowm a preliminary two-dimensional
solution for the section have beecn considered,

Clearly, node cards provide the user with an extremely
versatile paneling tool. WVWith one card deck of basic points
defining the configuratiorn geometry, he can, from rum to run,
change the form of the paneling simply by changing two integer
values on each node card. HNot only that, he can also move node
cards within the deck (but not the node cards at section ends) or
remove soue or add new ones from run to run, This allows the
user to concentrate his paneling in areas of interest, leaving
other areas more sparsely panelled. It thereby provides a very
effective use of the limited number of panels available, yet, on
2 subsequent run a few small changes to the node cards allow the
emphasis to be switched to another area without having to punch a
new basic geometry card deck.

There is just one important ground rule for tke use of node
each section of a patch must _be the same. The total is, in fact,
the number of panel rows, NROV, for that patch. The program
monitors the rumber of panels on each section and the calcula~-
tions are terminated with an error message should the user make a
mistake. Provided this ground rule is satisfied, it is not
necessary for the panel distribution to be the same from section
to section-—-in other words, the number of chordwise regions and
their node information can vary from section to section.
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(b) INTC=1 (c¢) INTC=2

Figure 15. Spacing Options 0, 1 and 2 in the A.P.R.
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Figure 16 illustrates the use of NODE CARDS to form
clordwise regions on a section for a wing patch. [Figure 16(a) is
for the case of a simple .gection with two chordwise regions while
Figure 16(b) shows a more cqmplipated case with five chordwise
regions. This case includes an illustration of the wmore general
copying capability to be described in 4.5.7.1.

The chordwise region option can also be used orn sections
generated ianternally by the code under INMODE values of 5 through
8. For example, INMODE = 5 causes a NACA four-digit equation to
gencrate a syumetrical section, (Note: the four-~digit equation
has been modified in the quadratic coefficient to give zero
thickness at the trailing edge:

Zi = + TC#(1.4845 4/xj - .63x; - 1.758x;2
+ 1.4215x;3 - .518x;%) -

The basic points on the section are generated with

xj = 1.0 - sin 0j; 0 ¢ 6; & T

(Note: this determines panel spacing if NPC

0 on CARD 14.)

0

(i - 1)VB~-NINT + Ga

where VO is the interval in © over the chordwise region and NINT
is the number of intervals to be generated in that chordwise

region. (VWarning: if NPC = 0 on CARD 14, themn NIIT is the
number of panels; default = 70.)

63 is the value of 6 at the start of the chordwise region,
The © interval, VO, over the regionm is evaluated as:

Ve = sin-1(1 - |XRB|) ~ eh

The user supplies the values for NINT and XRE on CARD 13. XRB is
the x~-station for the end of the required chordwise region; it
takes & negative sign if the region ends on the lower surface.

Figure 17 illustrates the card set required for the INNODE =
5 option using four chordwise regions, It also covers the case
for INHODE = 7 which generates a biconvex section.

Figure 18 illustrates the case for INMODE = 6. This
generates a semi-ellipse with a unit horizontal semi-axis in the
$.C.S. A similar chordwise region option is available as in the
INMODE = 5 case and uses the CARD 13-14 information, see Figure
17.
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CARD 12

Figure 16. Illustration of CARD SET 12/14 for
Section Coordinates, .

(a) Simple Section.
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TERMINAL “NODE CARD"
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(INPUT=2 FORMAT)

CARD |
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) (NODE CA
ON CARD 14) E CARDS)
CARD 14A
(BECAUSE NODEC. NEGATIVE
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Figure 16. Concluded.

(b) Complicated Section.
35



A NODES (1), (II), (I11) ARE OPTIONAL

¥ ORIGINAL PAGE IS
OF POOR QUALITY

NODE (111)
1 _ '8

R NODE (IV) -
g
x
4 3 /
NODE (1) ORDER OF POINTS
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CARD 12(E) /
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FPigure 17. Illustration of NACA Section Option
' (INMODE=5) (Biconvex Section Option is
Similar (INMODE=7)).
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Figure 18. Illustration of Semi-Ellipse Option, INMODE=6.
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A complete ellipse can be generated as a2 section using the
Y.LODE = & option, Figure 19, In this case the complete
horizontal axis stretches from 0 to 1.0 im the S.C.S. The
vertical semi-axis, I, is supplied by the user on CARD 12(f),

The chordwise region option using CARDS 13-14 is available in a
similar form to that shown in Figure 16.

4.5.6 Spanwise Regions

Sections defined within each patch may be assenbled in a
nunber of spanwise regions for the purpose of controllinz panel
density and spacing in the spanwise direction. In foruning
spanwise regions, sections defined by the user take on a similar
role to that of basic points in the chordwise regions. Althougl
the options available for the spanwise regions are essentially
the same as described for the chordwise regions in 4.5.5.3, the
two are applied completely independently; for example, the user
wmay request automatic paneling in the chordwise direction and
manual in the spanwise direction, As in the case of chordwise
regions, spanwise regions are used only as an input convenicnce
and are discardec once the paneling is complete,.

Spanwise regions must end at user-defined sections, calleé
NODE SECTIOKS, Figure 20, These usually coincide with kinks in
the spanwise direction on the patch planform, but the user can
place one whenever he wishes to change the form of the paneling
or to change between manual and automatic paneling in the

spanwise direction. For convenience, thke spanwise mnocde
information is included or the section card (CARD 11) together
with the section transformation informationm (4.5.5.1). Tre

function of the spanwise region node quantities, NODES, HPS,
INTS, follows closely the description in 4.,5.5.3. HODES,
however, must be set to zero (bVlank) on the first section of a
patch and on all intermediate input sections that are not node
sections, (NPS and INTS are then inactive.) The last section on
a patch is identified by a NODES value of 3, 4 or 5; 4 is used if
the patch is the last one on a component and 5 is used if the
patch is the one on the configuration, in which case the present
section completes the basic description of surface geometry.

An exception to the above occurs in tke case of a body of
revolution, To execute this option a negative sign is placed on
the NODES value on the first section card. The section basic
points are then generated in the S.C.S. 2z,x plane, Figure 21.
the section is rotated about the x-axis through an angle given on
CARD 15; this gemerates thLe 'spanwise’ paneling in accordance
with the NPS, INTS data on the section card. HMultiple spanwise
regions may be used, if required, as illustrated in Figure 21.

The total number of panels defined (manually or
automatically) across each patch in the spanwise direction is
monitored by the program ana becomes the number of panel columns,
NCOL, for that patch. In view of the ease of generating panels,
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the code also monitors the running total of pemels, and if a
limit is exceeded, the calculation terminates with an appropriate
error message. The limit is set internally by the storage
capacity, but the user is given the opportunity (with variable
NPNMAX ou CARD 3) to override that value with his ownestimate of
the total he intends to use for that case. In the event of an

input error, this will avoid the inadvertent and expensive use
of, say, 1,000 panels when the user intended using only 100.

4.5.7 Special Routines
The geometry routines described above may be applied for all
patches on the configuration surface; however, special routines
have been provided to reduce user input and, in particular, to
avoid duplicating information already supplied. These routines,
which are described below, are optional,

4.5.7.1 Copying Routine

We have already seen (4.5.5.2) a copying facility accessible
at the section input level. This copies over a complete section,
including the chordwise region information, and has, therefore, a
rather limited application, MNore general copying routines are
provided and are activated at the basic point level to copy
STRINGS OF LASIC POINTS, rather than complete sectioms. This
capability allows a new section to be assembled from parts of
previously defined sections. Several strings of basic points uway
be assembled from a nuicber of previovsly defined sections and the
points selected nee¢ not follow the sawme direction as originally
specified. Furthermore, the copied strings of points may be
intermixed with strings of manually input basicec points to
complete the new section.

For this copying wode, the value of INIHODLE on the sectiomn
card 11 must be in the range 1 to 4. The copying is activated by
inserting a NODL CARD having a MEGATIVE sign on NODEC. This is
regarded as a DUIIlIY node card because it does not necessarily
terminate a chordwise region (see¢ btelow). The negative value for
NODEC determines the action at the end of the copied string of
basic points, If NOLEC = -1 or -2, then the last copied point
becomes the end of a chordwise region on the new section and
signifies, respectively, continuous or discontinuous slope onto
the next chordwise region,. Ve then continue tc specify further
basic points, or, by inputting another negative node card, we can
copy another string of basic¢ points, and so on, If NODLEC = -3,

then the last copied point in the string completes the new
section.

If the user does not require a chordwise region to ernd at
the last point in a copied string, then he sets !GLEC = -4 when
he initiates the copy. When the string has been copied over, the
prograc then expects to receive furtlhcr basic points to complete
the ckordwise region or another negative node card can be used to
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copy another string of points, and so on., Clearly, 4if NODEC =
-4, then the NPC and INTC values on that NODE CARD are inactive
and mey be left blank.

¥Vhenever & negative node card is imserted, it must always be
followed by a COPY CARD (CARD 14A) containing the following
information (four integers) defining the location of the regquired
string of points, IPCH, ISEC, IB, LB. '

IPCH is the patch number conteining the required points.

ISEC is the section number relative to the start of that
patch.

IB, LB are, respectively, the first and last basic point
nambers (inclusive) defining the string. The
numbering is grelative to the start of the section
ISEC.

(Note: these subscripts can be obtained during am MSTOP = 1 run
{CARD 2) with IPROGOM print comtrol set on CARD 2A.

Thus, even in a complicated configuration, it is relatively
easy to specify a string of basic points,

This option offers not only an alternative to the earlier
copying routine, but also 2 more general capability because the
copying is initiated a2t the basic point input level, rather than
at the section input level., For example, the complete copied
section need form only a part of the new section, it being
possible to have other basic points, both before and after the
copied string. In sddition to this, the ability to break the
copying into strings of points allows & new distridbution of
chordwise regions and paneling to be selected.

One restriction must be considered when using this copy
routine~—the new section’'s value for INPUT must coincide with the
INPUT values on sections from which strings of points are to be
copied. This restriction has not posed a problem so far, but if
it does, it would not be too difficult to remove it,

This copy routine is used in the wing-body sample case in
the Appendix. The fuselage lines at the wing-body junction are
copied from the first section on the wing patch,

4.5,7.2 Antomatic Patch Generator

e e s

Patches covering tip edges, flap edge, cutouts, etc. can be
input by the uwser as ordinary petches, but this can get tedioaus.
Optional sutomatic procedures have bem installed which simplify
‘this input by generating a complete patch within the code. This
AUTOMATIC PATCH GENERATOR, or A.P.G., is initiated at the patch
input level by inserting a non-zero value for parameter, MAKE, on
the patch CARD 10. The value of MAKE identifies the patch number
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on the edge of which 8 closing patch is to be generated. The
sign of MAKE determines whether the new patch is on side 3
(positive) or side 1 (megative) of the basic patch. The patch
referred to should be a folded patch slthough sides 2 and 4 need
not necessarily meet for the A.P.G. More importantly, anm equal
number of points (or panels if NPS = 0) should have been used on
the upper and lower sides of the edge section.

Consider, for example, 8 tip-edge patch. Here we have
already defined the patch representing the main surface. The
end section of that patch provides the BASE SECTION from which
the A.P.G. creates the new patch, Figure 22(a), sccording to user
instructions. ¥When the A.P.G. has been sactivated, the next card
(CARD 16) must contain the following:

NPC, INTC, KURV, NPTIP, NPS, INTS

Referring to 4.5.5 and 4.5.6, the generated patch has one
chordwise region with NPC panels spaced according to the valuwe of
INTC. It has one spanwise region with NPS panels spaced
saccording to INTS. In this case, the basic points (in the
C.C.S.) defining the base section are brought over. If NPS = 0,
then the main program uses the actuval panel cormer points on the
base section; clearly, this gives an exact matching of panels
across the patch edge. The values of NODES must be either 3, 4
or 5, depending on the location of the patch in the input. The
function of KURV is described below,

Sections defining the new patch are created auntomatically
from the base section coordinates., The contour of each section
generated may be either a straight line (°‘square-—cut’ tip) or an
ellipse or triangle, depending on the value of the guantity,
KURV, supplied by the user,. If XURV is 0, sets of basic points
sre gonerated on straight lines joining upper and lower points on
the base section, The same number of points is created even if
the interval across the base section is zero (e.g., at the
leading and trailing edges), Figure 22(b).

If KURV is 1, the basic points are created on semicirles

having diameter equal to the local ’‘thickness’ of the base
section,

If KURV is 2, the basic points are created on semi-ellipses;
the base section local thickness provides one axis, while the
horizontal semi-exis is derived from additional wuser input, Fig-
vre 22(c). A planform shape is input using a set of coordinates,
s*, vy*, i = 1, NPTIP, defined in a convenient local coordinate
system with origin at the trailing edge, Figure 22(d). The scale
and point distribution are completely arbitrary, so the points
may be conveniently measured from a planform view of the wing.
The program scales the shape to fit the length of the basic

section and interpolates to find the local semi-axis for each
ellipse.
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PATCH NPCH
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EARLIER IN THE INPUT)

SIDE 2 (TOP)

SIDE 4 (BELOW)

[F MAKE = +NPCH ON CARD 10

TIP PATCH GENERATED
(A) PATCH LOCATION FROM SIDE 3

SIDE 3
(POINT)

J

STRAIGHT-LINE SECTIONS GENERATED

BETWEEN UPPER AND LOWER POINTS. SIDE 4

PANELING IN THIS DIRECTION IS
 DETERMINED BY NPC, INTC ON

CARD 16 (I.E., "CHORDWISE")

e

sTDE 2 \ “SPANWISE"

GENERATED PATCH

‘ -
SIDE 1
(POINT)
(B) FLAT PATCH OPTION (KURV=0)

Figure 22. Automatic Patch Generator (A.P.G.).

(a) Patch Location.
(b) Flat Patch Option (KURV=0)
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Figure 22. Concluded.

(c) Semi~Circular and Semi-Ellipse Sections
(KURV=1 and 2)
(d) Triangular Sections (KURV=3)
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A LKULV value of 3 is treated in a similar way to the semi-
ellipse case, except the tip planform description nust now
include vertical offsets which locate the apex of each triangular
section (see Figure 22(d)).

4.6.1 Papel Generation

en it

WVhen the basic geometry has been specified, the panel corner
points are assembled, patch by patch, A tenporary set of
ckhordwise points corresponding to panel corners is first
assemblec on each of the defined sections, This is performed in
each chordwise region in turn (4.5.5.3) ané interpolation is used
when the A.P.R., is requested (i.e., when NPC > 0). The form of
the interpolation used by the A.P.I. depends on the number of
basic points available in the chordwise region, including the two
enxd points,. The code augments this number by talking a basic
poiant frow a neighboring chordwise region if continuous slope has
been specified onto that region (i.e., NODEC = 1 on this or the
previous region). The A.P.R. takes the available sect of basic
points and first eliminates zero length intervals, then,
depending on the number of basic points left, i.e., one, two,
three or more, it uses, respectively, constant, linear, gquadratic
or biquadratic interpolation to generate thc panel points.

Vhen the temporary set of chordwise points is complete for
all sections on a patch, corresponding points on each section are
joined by lines called SPANVISE GLNEDATOLRS. The panel points
along each spanwise generator are then assenbled in a similar way
to that described for the chordwise direction, but now based on
the spanwise region information, The interpolation routine is
novw applied along each spanwise generator in each spanwise region
where the A.P.R. Lhas been selected. The new set of (spaunwise)

points are actual parel cormer points from whiclh the panel geome-
try is geuerated.

The fact that we input just one set of spanwise region
information for a patch means that the same spanwise
interpolation format is used on all the spanwise generators on
toat patch. Thus the A.P.E., in the spanwise direction has lost
generality compared with the chordwise capability; however, this
loss is not serious (and to avoid it woulé¢ require considerably
more input).
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4.6.2 Panel Geometry

The four cormer points, Ri, i = 1, 4, specifying a ranel
quadrilateral are assembled in the sawme sequence as the cormegs
oi the parent patch, Figure 23. The panel’s control point, Ilc

(where the boundary condition is applied) is the mecan of tlkese
four points.

The parallelogram formed by joining the mid-poiats of the
sides in_ sequence provides the mean plane of the pamel. Tke unit
vector, n, nornal to this plane and uunit vectors, 1 and &, within
the plaue forit the panel’'s right-hauded orthogonal unit vector
system for locgl coordinates. This systen takes the pamnel
control point, Rc, as origin and the vector, f, passes through
the midpoint of side 3,

The four corner points are projected onto the meanr plane to
form the flat panel used for the velocity potential influeance
coefficients. The distance between the actual corner points and
tLhe mean plane (this is the sawme for all four corners) is a
measure of the amount the pamnel is skewved. A warning is printed
when this value becomes large,

The program forms the half-distance, Slp, 8li¢ from the
control point to 'the midpoints of sides 2 and 3, respectively (or
sides 4 and 1), see Figure 23, These distances are vsed both as
a measure of panel size (SHP + SLQ) aund also as & measure of
surface distance in the evaluation of doublet gradients. Jithin
a2 patch thke side midpoints of meighboring penels coincide and so
linked SLP vaulues and linked Sl4d values give a <close
approximation to surface distances between panel control gpoints,

4.6.3 Pancl licighbors

The program keeps two files on panel neighbor information.
This information includes the subscripts NADORi; i=1,4 (in the
same sequence as the sides) for each panel’s set of immediate
neighbors and NMADSIDi, the sides of those ncighbors adjacent to
the panel, see Figure 24, Initially, for panels within a patch
this information is rather trivial; only the information across
patch edges is significant, The latter information is formed by
an automatic procedure performing a neighbor search. All this
initial information is stored in ore file while a second file is
formed in which the reighbor information is modified at expected
jumps in the doublet distribution. The files are referred to as
'before wake shedding’ and 'after wake shedding’, respectively,
Both sets can be printed using the IPRNADR option on CARD 2A.
Temporary cuts in the neighbor relationships are indicated in the
second file by a zero NABCD value and a negative NADSID, A panel
side on a plane of synmetry has a negative NADSID and its own
subscript in tlhe HABOR wvalue in both neighbor files,
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Figure 24. Panel Neighbor Information.
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The panel neighbor information can be modified by using the
options on CARD 8. The new information overrides the automatic
necighbor information., This facility is used to correct errors
made by the auvtomatic procedure in awkward patch junctions or to
obtain special effects. It should be noted that the panel
neighbor information does not normally affect the doublet
solution--it mainly affects the doublet gradients eveluated in
the analysis procedure, An exception to this would occur if
neighbor errors occurred along a wake-shedding line--this could
then cause a doublet solution error because wake shedding panel
information (see later in Figure 27) would be wrong.

- G s v st e dnt S D T S S s s o o

The wake is formed after all the surface patches have been
panelled and the panel neighbor information stored (before wake
shedding). WVithin the code, the wake geometry is described in a
set of cross-flow planes called WAKE-GRID-PLANES, wbkose  =x-
stations are prescribed by the user, Figure 25, Spacing between
wake-grid-planes shoulc be small where intense vortex roll-up and
vortex~-surface interaction is anticipated. The intervals between
wake—-grid-planes can be progressively widened with distance
downstream beyond the region of interest,

4.7.2 Viake Parameters

At the input stage the wake has the following parameters:
WNALE, IDLNTV, IFLEXV, IDEFW

WNAME is a text identification for user comverience, while IDENTV
is the wake type. Two 'wake types’ are considered in the present
document: IDENTV=1 is a regular wing—type wake with constant
doublet distribution down each strip in the streamwise direction;
and IDENTW=4 is a jet-type wake whose stripwise doublet
distributions are linear in the streamwise direction. The
doublet gradient is specificd as the jump in tangential velocity
across the type 4 wake sheet, the IFLEXV parameter is used to
specify relaxable (0) or rigid (1) wakes. The IDLFY parameter
determines the way the wake FIXED BASELIKE is to be defimned.
IDEFV=0 requires strings of WAKE-SHKEDDING PANELS-~described
below--while IDEFW=1 requires a set of separation points. The
latter option is being checked out at this time.
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Figure 25. Card Set 17/18.  Example of Wake-Grid-Plane
Input Using Three Regions.
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Inside tLe program wakes have additional parameters
associated primarily with WAKLE COLUNNS of VAKE PAHELS., TFigure 26
shows the arrangement of these in relation to the wake-grid-
planes. The view is from above; i.e., wake panel normals are
directed towards us., The first wake panel (at the top) on eack
wake column (NWC) has subscript IWPAN(NWC). The total aumber of

colunns on a wake is NWCOL and on the whole configuration,
NVWCOLT. :

Eack wake column is associated with a set of four surface
panels, two upstream (or Upper) and two downstream (or Lower) of
the separation line. These are KWPU, EVPUU, EWPL, XVPLL, Figure
217. The corresponding surface distances between control gpoints
and separation line are also stored SU, DSU, SL, DSL. The omnset

flow potential at these panels are also stored PHIU, PHIUU, PHIL,
PUILL,

Each WAKE LINE (along an edge of a wake column) keeps the
first wake-grid-plane, IVGP, intersected downstream of tke
separatior point, The array, LSEGU, keeps the subscript sequence
of wake lines intersecting the wake—-grid-planes, A negative sign
is placed on subscripts of wake lines at the edges of each wake.

4.7.3 VWake-Shedding Panels

To locate the initial wake, the user identifies strings of
wake-shedding panels, the side geometry of which defines the
fixed base line of each wake, The basic information required to
define a string of wake-shedding panels is

KWVPACH, KWSIDE, KVLINE, KWPAN1, XWPAN2

EWPACH is the patch number and KWSIDE is the side of that’
patch that is parallel to and has the same_direction as the
separation line on that patch, Figure 28, KVLINE deterrnines
which line of panels (row or column) is providing the separation
line within the pateh. KVLINE wmay be left blank (i.e., 0) if
separation is frowr the patch edge, KWSIDE; otherwise it refers to
the row number of colunn number (as defined in Figure 28) of the
panels shedding the wake, The wake~shedding panels are regarded
as being 'upstream'’ of the separation line; they are always on

the left when looking in the direction of the separation line
(Figure 28).
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Figure 26. Wake Arrangement.
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Figure 28. Separation Line Definition.

{(a) Wing.
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The separation line shown above is described by 7 sets
of wake-shedding panels (shaded) as follows:

Set No. KWPACH KWSIDE KWLINE KWPAN1l KWPAN2 (Remarks)

1 1 2 2 (row) 1 2 (Counting along
row 2 in direction
of side 2

2 1l 1 3 (col) 3 4 (Counting down Col.
3 in direction of
side 1)

3 1 2 4 (row) 3 5

4 1 1 6 (col) 5 5

5 1 2 5 (row) 6 9

6 1 3 9 (col) 1l 4 (Counting along
side 3

7 1l 4 2 {(row) 1 3

m———

Local counting, not absolute
panel subscripts

Figure 28. C(Concluded.
(b) General Case.
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RWFPAN1l, ZWPA!N2 are the first and last panels, respectively,
in the preseant string of wake shedding panels, These are local
numnbers starting with 1 at the patch edge and proceecding along
the row or column in_the direction of the line being defined:
using local numbers along the line avoids the complicated task of
identifying a string of absolute panel numbers which are not
neccssarily on a continuous sequence. For example, on patch 2 in
Figure 28(a), the separation line is along row 3 (EVLINE)
parallel to side 4 and so the local panel numbering sequence
starts with 1 at side 3 and proceeds to 5 at side 1; in this
local sequence, the separation panels, EKVPAMN1, EKWPAN2 are
therefore 4 and 5, respectively. (The corresponding absolnte
ranel subscripts are worked out inside the code,) A more general
separation line path is shown in Figure 28(b); this illustrates
most of the possibilities of this scheme for describing the

separatior line location,.

A separate string of wake~-shedding panels nust be defined
for eack patch crossec by the separation linme.

4.7.4 Streamwise Vake Lines

At the beginning of each string of wake-shedding panels and
a2t the end of the last string ot each wake, the vser must specify
the geometry of a STREAMVISE WAKL LINE using STREAMNWISL WAIKE
POINTS (S¥WPX, 8SVPY, SVPZ), Figure 29, The function of these
points is similar to tkat of basic points defining patck sectiouns
(4.5.5.2). HODE cards are used here also and allow tke user to
augment his input points with interpolated points. As a nininum,
one strecamwise wake point must be provided at some station beyond
the last wake-grid-plane. (The upstream end is taken
automatically fron the fixed baseline identified by the string of
wake-shedding panecls.)

The strecamwise wake points are defined in a local coordinate
system parallel to the global coordinate system but with origin
at the local separation point on the fixed baseline. The program
relocates the streauwise wake lines into the global coordinate
system,

An optionm is provided to copy andéd rotate the previous
streamwise wake line. The rotation (DTH) is about the x-axis of
the local system and is in the same sense as the body of
revolution option, Figure 21.
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4.7.5 VYake Panel Points

Vhen the basic wake information has been supplied, the
program generates streamwise sets of coordinstes describing the
path of cach of the defined wake lines according to the user's
instructions on the node cards. DBiquedratic interpolation is
used to generate these points based on the umser supplied
coordinates. Linear interpolation is used in the spznwise
Girection to gencrate intermediate wake lines between the defined

lines. Wake lines are formed corresponding to each of the wakec-
shedding panels., As each weake line is formed, its intersections

with the WAKE GRID PLANES are computed and tkese intersection
points become the wake panel cormer pointk. LINEAR interpolation
is used in the computation of these intersectior points. The
user shouvld bear this in mind when selecting the number and
location of both basic points and streamwise lines., It must be
emphasized, however, that this information is used only to define
the prelimninary wake for the purpose of the first solution~--
thereafter, the wake relaxation routine will redefine the wake
geometry at each iteration, In the unsteady mode, this basic

wake is transported downstream as new panels are formed at the
separation line.

The points generated in the wake-grid-planes are the actual

wake panel cormser points, Figure 26. These are treated in
exactly the same was as surface panels (see Section 4.6).
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5.0 COFF-LODY VELOCITY SCANS - POOR QUALITY

5.1 Options

Off-body velocity calculations are performed at user
selected points. Normally, the points are assemblced alomg
straight scan lines, These lines in turn may be assembled in
planes and the planes in volumes. The shape of the scan volume

is determined by the parameter HOLD. Two options are currently
available:

JOLL=1 Allows a single point, points along a straight
line, straight lines within a parallelogram or
within a parallelepiped.

MOLD=2 Allows points along radial lines in a cylindri-
cal volume,

A number of scan boxes can be specified, omne after tke
other. A liGLDP=0 value terminates the off-body velocity scan.

The location of scan lines within the scan boxes can be
controlled in the input. The default option is equal spacing
generated along the sides of the box. The location of points

along a scan line can be controlled also in the irput, but again,
the default option is equal spacing.

If a scan line intersects the surface of the coufiguration,
an intersection routine locates the points of entry and exit
through the surface pareling., The nearest scan line points to
each intersection are then moved to coincide with the surface.
Points falling within the configuration volume are identified by
the routine to avoid unnecessary velocity computations. These
points are flagged in the printout. The input paremeter UNHELT
controls the calls to the intersection routine: MEET=0 (dcfault)
makes the routine active while [IEET=1 switches it off. Clearly,

if the velocity scan volune selected is known to be outside the
configuration volume then switching the intersection rouwtine off
avoids a lot of wisted computation.

The velocity routine VEL computes the velocity vector at
each point by sumnuwing the contributions from all surface panels,
wake panels, image panels (if present), onset flow, etc. The
routine includes near-fielcd procedires for dealing with points
that are close to the surface pancls or wake panels. The near-
field routine involves a lot of extrs computation, if, tkerefore,
it is krown that a scan box is well clear of the configuration
surface and wake then it is wortkwhile turning off the near-field
routine, This is controlled by the input parameter HLAR; MNEAR=0
{default) keeps the near-field routine active while MNEAL=1
switches it off.
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Clearly, because of the MNMEET and MNEAR optioms, it may be au
advantage to divide large scan volumes into 2 number of swmaller
boxes, wmany of which could kave the near-field and intersection
routines switched off.

The velocity scan data (X, Y, Z, VX, VY, VZ, V, CP) for each
point on a scan line is written away to a plot file (TAPL 7)
together with other data. Since this provides a ready means of
exemining the off-body data quickly and since a large zwmount of
printout can be generated by the off-body scan routine, then an
option is provided to just print out a sample of the calculated
data, The frequency of this print by plane, line or point is
specifie¢ by the input parameters, INCPRI, INCPRY, INCPLE,
respectively., A zero (default) causes all the appropriate cata
to be printed while a value of !, say, causes the results to te
printed every Hth plane, line or point as appropriate.

5.2 lkCLb=1, Skewed Box

The HOLD=1 option eallows a very general scan volune to be
defined. Easically, three edge vectors are inprut and a
parallelepiped is constructed, TFigure 30(a). Novever, the
position vectors defining the edge vectors are iuput one at a
time giving the option to stop the input after eack point, thkus
allowing a single point, a straight line or a plane to be
considered in additionm to the volume option,

Peferring to Figure 30(a), the coordinates of the first
corner point are input

e, Yo, Lc, np
NP controls the various options as follows:

liP=1 This is a one-point box and therefore has no

further input (but it can bLe followed by another
scan box with any !NOLD options)

>
Kp>1 A line (S1) is generated after inputtiag the
second coruner point:

X1, Y1, Z1, NP1

where HP1 is the number_of points (equally
spaced) along the side g1

NP=2 This is a line scan .only and so there is no
further input for this box
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AL Do

(PR

NP3 PoINnTs ALone &3 %50 Y3.Z3
DETERMINE LOCATION s3
OF SCAN-PLANES

IN THIS Box

NP2 POINTS ALONG S2
DETERMINE LOCATION
OF SCAN-LINES IN
SCAN PLANE

(X2,Y2,22)
‘!!\\

(X0,Y0,20)

BASIC SCAN LINE HAs NP1 (X1,Y1,Z1)

PoinTs (ALL ScAN LINES
IN THIS BoX ARE PARALLEL
TO THIS LINE)

Figure 30. Velocity Scan Volumes.

(a) Skewed Box.
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iiPr2 The third corner point is dinput:
X2, Y2, Z2, NP2
This defines side 52 with NP2 points along it.

HP=3 This is a scan plane only and so there is nc fur—
ther input for this box. The scam plane is the
arallelogram generated from the two sides, S1,
S2. Each,scan line within the plane is parallel
to side S1, has the sawe point distribution as 51
and is locatec by one of tke points oan ®2.

1'P=4 The fourth and last cormer point is input:

¢

X3, 13, Z3, NP3

This defines side £3 with NP3 points along it.
These points locate a %et of parallelograms witk
sides parallel to %1, 62 and each omne Laving a2 set
of straight scan lires as described for KP=3.

The points along each scan line are, by default, equally
spaced. Nowever, negative signs can be placed on NP1, I'P2 or NP3
and then the point locations along the corresponding sides(s)
must be iaput; e.g., , i=1, |ur1l, vhere 0 ¢ 03 £ 1.0, locates
points along vector 31

5.3 lIOLp=2, Cylindrical Yolune

The cylindrical voluwe scan requires a wminimun of three
input cards. The first card cefines the location of thc center
of a circle (X1, Y1, Z1); tlLe inner and ouvter racdius there (RI

$0); and the first and last © values (@3, 63), measured frou tkhe
vertical, Tigure 30(b).

The second card defines a second circle plane with center at

X2, Y2, =2, respectively, and with inzer and outer radii, LRI2’

. teﬁyectxvely. The values oi 61, 62 are assumed the sawe as
on the irst card.

The last card specifies thne nuiber of points (NAL) alorng the
cylinder axis between X1,Y1,%Z1 to X2, Y2, z2; the number of 6
values (NTUETA) between 8, 62; anc the number of points (NRAD)
alcng radial lines between local immner and outer radius. The
points are located using equal spacing by default., However, as
before, a negative sign placed orn the number of points allows
these points to be specified in an arbitrary distribution.

A point ou a scan lime in the cylindrical volume is located
as follows (rcferring to Figure 30(b)).
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LIMIT OF SCAN-

TYPICAL SCAN-LINE VOLUME
\ (x2,72,22)
Di
,/
( \\ ’\
9]«:“ A ~~4 RT,
' R (P ~o
N\ \ ~1Ro,
‘\
7~ S

(x:,w,z:) STATION OF
- RO, INTERMEDIATE
SCAN-PLANE

Figure 30. Concluded.

(b) Cylindrical Volume.
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- . @ # -
First define vector Dl along the cylinder axis, i.e.,

b1 = t2 - R1

3 » + . 3 +
From this the unit vector, h, is formed, also the unit vector, n,

which is in the horizontal plane and which is normal to the
vertical plane containing h, i.e.,

<>
n

-> >
= k"~ b
I~ %I

-

> -> )
Also, the unit vector, g = n " h, ig_generated forming a local
unit orthogonal vector system, n, I, g.

> . >
The unit radius vector, u, at angle 8 to the vector g 1is
givei by:
> . > )
g % = h sin ©
> > .
v = E cos 6 + n sin 6

Thus, the position vector of the Kth point on the Jth radius
vector at the Ith location along the cylinder axis becomes

<
X =Pl + ap(g) * du(J) E=1, NIAD.

wkere

HTHETA

P = R1 + o(I) * D1 + RICI) * o(J) 7=1
I=1, NAL

B(J) is evaluated with

6(J)

61 + Op(J) * (87 - 92)

]

RI(I) = RIj + a(I) * (RI, - RI;)

aud

d = R0; - g1q + (1) * (ROy - RI2 - RG1 + RIZ)

is the length of the present radial scan lime.
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6.0 RUNNING THE PROGEAM

6.1 Job Contzol Cards

A typical JCL file for running the VSAERO program on the
CRAY computer at NASA Ames Research Center is listed below:

JOHNDOE, MICR,

USER, XXXXX, XXX,

JOB, IN=JOHNDOE, T=200, US=XXIXX.
ACCOUNT, AC=XXXIX.

ACCESS, DN=$BLD, PDN=VSLGO, ID=XXXX.

ASSIGN, DN=DATA, A=FTO0S5.
LDR.

REVWIND, DN=FTO6.
SAVE, DN=FT06, PDN=WINGDO, ID=XXXX.

The binary program is stored here as a direct access file
called VSLGO., The input data file is called WING and the output
file is saved as a direct access file, WINGDO.
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In order to plot the dats intersctively the plot file (TAPE
7) must be saved after the run. To do this regquires the
following additionsl cards in the JCL:

REVWIND, DN=FTO07.
SAVE, DN=FTO07, PDN=WINDDP, ID=XXXXX.

This set of carde should be loceted after the LDR card in

the basic JCL, see 6.1. The plot file is then saved as a direct
accoss file called WINGDP, which can bs plotted using the routine
MNIPLT,

The OMNIPLT routine steers the user through plots of panel
end wake geometry, sections through the surface pressure and
velocity distributions, on-body streamlines (if presemt) and
boundary layer datas (if present), sece 8.2.

A typical day file follows.
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7.0 INPUT _DESCLIPTION QUL

7.1 lpput Summazry
The input is divided into the following parts:

(i) BASIC INPUT
General information, operating mode, onset
flow, reference conditions, special options

(ii) PATCH GEOMETRY
Description of configuration surface in com-
ponents, patches, sections, basic points,
etc.,, for panel gemeration

(iii) VAKE INPUT
Vake-grid—-planes, type of wake, wake separa-
tion line, initial streamwise geometry

(iv) SURFACE STREAMLINLE INPUT
Location of startinpg point for eack surface
streamline

(v) BOUNMNDAEY LAYER INPUT
Reynold’s number, etc.

(iv) OFF-RODY STKEANLINE INPUT
Location of starting point and requireéd up-
stream~downstrean distances for each off-
body streaunline

In the following description, the input variables are first

listed in 7.2 for each of the above parts. Then, 7.3 gives a
detailed description of the function of each input variable.

This is followed in 7.4 by an input flow chart to help with the
assembly of the input data file.
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I

4(a)
or
4(b)
4A
(i)
(ii)

6A

8A

8E(i)VOLT

(
(ii) (RXV(I), RYV(I), RZV(I).}

ORIGINAL PAGE IS

OF
Input Varisble List POOR QUALITY

Variables
Text

IPRI, IPRLEV, IPRESS, KSTOP, MSTART, HODIFY

IPRGOM, IPRNAB, IPRVAK, IPRCPV, IPRPPI (only
if IPRLEV=5 on CARD 2) ‘

MODL, NPNHAX, NRBLHAX, ITGSHX, IMERGE, NSUEL,
LKSPIAX, RPCHAX

NROVE(XI), I=1, |NRBEAX| (only if NRBMAX<CO on
CARD 3)

NVIT, NVPI, IDLTYP (if HMODE=1 on CARD 3)
NT, NIC (if HODE=2 on CARD 3)

(only if NVPI>0 and IELTYP=0 on CARD 4(s)
HPSETS

NPCHBL, NDBCOL, (KOL(I), I=1, NDCCL)
(Number of 4A(ii) cards = MPSETS)

If HSTART)>O0 and LODIFY=0; this is the endc of
the basic data on a restart run,

ESYl, RGPR, RNF, RFF, RCORE, SOLRES, TOL
ALDEG, YAVDEG, RHMACH, VEOD, CGIIFAC

ALBAR, RFREQU, HX, HY, H#Z (only if [IODE=2 on
CARD 3)

CLAR, SEEF, SSPAN, RLPX, RNPY, RINPZ
HOKSET, NVORT,.HPASUH, JETPAN, NEBCLGE
(NORPCE(I), NORF(I), NORL(I), NOCF(I),

MGCL(I), VNORN(I), ADUB(I), I=1, MNORSET)
(only if NORSET>0 on CARD 8)

only if NVORT>O0
on CARD 8)

I=1, LVOLRT+1)
71
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315

215
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161I5

7F10.0
5F10.0

5F10.0

6F10.0

515

515,
2F10.0

Fi0.0

3F10.0
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10

11

12

13

14

9A

(a)
(v)
(c)
(a)
(e)
(f)
(g)

144
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(NPSPCL(I), NPSRF(I), NPSEL(I), NPSCE(I),

NPSCL(I), I=1, NPASUN) (only if HPASUNH>0 on
CALD 8)

(JETPCH(I), JETRF(I), JETRL(I), JETCF(I),
JETCL(I), VIK(I), VOUT(I), I=1, JETPAN)
(only if JETPAN>O ON CARD 8)

(ZPAN(I), KSIDE(I), NEWNAB(I), MNEWSID(I), I=1,
NBCHGE) (only if NBCIGE>O0 on CARD 8)

CTX, CTY, CTZ, SCAL, THET (component card)

CPX, CPY, CPZ, CHX, CEY, CLZ (only if SCALKO
on CALD 9)

IDENT, HAZE, KOIP, XLASS, PHALL (patch card)

(llote: If AKEN0, go directly to CARD 16)

STX, STY, S5TZ, SCALE, ALF, THETA, INILCGDE, MNODES,
s

HPS, INTS (section card)

BY, BZ, X (INNGDE=1)

BX, BZ, Y (INMNCBE=2)

DX, bY Z (INLOBE=3)

EX, BY, BZ (ILNOLLE=4),

TC, INPUT (IHLEODE=S5S or 7)

H, INPUT (INHODL=6 or 8) }

X, RAD, THET (IN!ODE=12)

XRE, NINT (after options 12(e) and 12(f)
KOLLEC, HFC, INTC, lLIOVE (use with CALD 12 and
and 13)

KPCL, NSEC, ID, LB (if KCDECCO0 on CARD 14)
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515
2F10.0

6F10.0

415,
644

3F10.0

Fi0.0,
I5

3F10.0

F10.0,
15

30X,
415

415
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16A
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i9
20

21(a)
21(b)
21(c)
21(ad)

22

23
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Variable Format
XPIV, YPIV, ZPIV, UX, HY, UZ, ROT (if LGVE=1 T1F16.C
on CARD 14)
THETA2, TIHLTAl (only if NODES<O omn CARD 11) 2710.¢C
HPC, INTC, KURYV, NPTIP, MCDES, KPS, NITS 35%,
(special tip patch) (only if LAKEMND 315,
or CARD 10) 10X,
315

(s(1), Y(I)
orn CARD 16)

A s S S e s i S

X (wake grid plane stations)

NODE, NPC, INTC, INARK

IDLDNTV, IFLEXV, IDLFV, WHALD (wake card)
EWPACI, EWSIDE, KVLINE, EWVPAN1, LWPAK2,
INPUT, NODEVS, IDWC, IFLXL, DTEHET

SUPY, SWPZ, AX (if INPUT=1 on CALD 20)
SWFX, SVPZ, AY (if INPUT=2 ON CARD 20)
SWPX, SWPY, AZ (if INPUT=3 omn CARD 20)
SVPX, 8WrY, SWPZ (if INPUT=4 on CARD 20)

HODEWC, NPC, INTC

VIN, VOUT ... (if IDCNTW=4 on CARD 19)
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31A
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Yariables Format
F, KEP, NS (compulsory input if IBLTYP=1) Fl0.4,
(Place one card no. 24 for cach streamline) 2I5
F, EP, NS (end of surface streamline data) 2¥10.4,
215

Coundary Layer Input Sumnary

ot . e i e e e e s

Variables Foruat

RNE, TRIPUP, TRIPOP, XPRIMNT, XSKIF 5§r10.0
(CARD 26 only present if NVPI>0 on CARD 4(=a))

Off-Dody Velocity Scan_ Input Sunmary

Variables Foruzt

1OLD, MEET, NEAR, INCPRI, INCPLT, INCPLRE 615
(Start of eachk scam box, TFinish the set with
a blank card)

%6, Y0, Z0, NP (if [OLD=1 on CARD 27) 3rio.o,
I5

X1, Y1, Z1, HP1 (if NP>1 on CARD 28)
(ALI(I), I=1, [NP1!)(ouly if NP1<0 on CARD 29) 8Fl10.0

%2, Y2, 22, HMP2 (if NP>2 omn CALRD 28) 3F10.0,
I5

(AL2(I), I=1, |NP2|)(only if NP2<0 or CARD 30) 8F10.0,

%3, Y3, 23, NP3 (if NP=4 on CARD 28) 3F10.0,
I5

(AL3(I), I-1, [NP3|)(only if NP3<0 on CARD 31) §F10.0
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343
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Variables

e s ey e S e e e

21, Y1, Z1, RO1, RI1i,
(if MOLD=2 on CARD 27)

THETAl, THETA2

X2, Y2, Z2, RO2, RI2 (if MOLD=2 om CARD 27)

NAL, NTHLETA, NRAD (if MOLD=2 on CARD 27)

(AL1(I), I=1, |NAL|)(if NAL<CO on CARD 34)
(ALTHEET(I),

CARD 34)

I=1, |NTEETA|)(if NTHETACO on

(ALEAD(I), I=1, [NRAD|)(if NRADCO on CARD 34)

e e i e S

o e S oo, e i e S o

nsx, RSy, RsZ, SU, Sb, DLLES,
(one card per streamline;
card)

MNEAR
finish with a blank

15

Format

7F10.0

5F10.0

315

8F10.0

5F10.6

8r16.¢

Foruat
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Throughout the description below, the following unotes apply.
(i) All integers are right adjusted.

(ii) Limits on the value of a variable and default
values are gquoted for two versions of the VSAERO

progran: VSALLRO-1000-VSAERO-3000 where tkesc
differ,

7.3.1 DBasic_Input

T e v o i et i i b W2

CARD 1: Casec Description

Columns Variable Description Format
1-3¢0 TEXT Alphanumeric text identifying the 2044
case

CARD_2: _Control Cazxgd

Columas Variable Value Description Foruat
1-5 2l Input data print control 615
0 Prints all input data

except the PATCHU CLEOLETRY

1 Prints all input data except
the detail coordinates of the
PATCL CEONLTRY input. {This
option is useful for cases with
large input decks: it still
displays the information on
MODE CADDS, SECTIONM CARDS, etc.)

2 Prints all input data. (Warning:
a complicated case may give a large
anount of printout from the PATCH
GLOMNETRY. For such cases remember
to request a reasonable output line
linmit; e.g., LCGO (PL=7777), or use
IPRI=0 or 1 as an alternative)
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Description Formatl

Output print control

Dasic print level (sece
8.0) All other options
below are additional prints

Panel corner points arc
printed (IPRCO!N=1); also,
the wake print is activated
at the level IPRVAK=1 (sece
CARD 2A

The doublet solution,

p-(4nV REFL), is printed
(IPRSOL=1). Also, tle
neighbor information is
rrinted at the level IPTMAD=1
(see CARD 2A)

The P-P, values arec added to
the basic printout of panmnel
velocities and pressures
(IPLLPPI=1, see under CARD 2A)

Corner point analysis results
are printed at the level
IPRCPV=1 (see CARD 24)

Gives the option to read in
the print control variables
IPRGOM, IPRNAD, IPRVAIL,
IPRCPV, IPRPPI. Requires
CAD 24 to follow CARD 2

Controls frequency of printout

in the wake iteration or time-
stepping loop

"Prints only at the last step

Prints at every step (avoid

this if using a large nunber
of time steps or wake relaxa-
tions)

Prints at every Nth step (includ-
ing the first or last steps) ac-
cording to the IPRLEV option
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CAXL 2: Continued

€olumns Variable Value Description Forumat
16-2¢ LSTOP 0 Complete run through the
code
1 Calculations stop after

GEOHNIN subroutire. This
sets IPRGOH=1, (The input
file only requires basic
data and patch geometry for
cases with LUSTOP=1 or 2)

2 Calculations stop after the
SURPAN subroutine. This sets
IPRCOII=2, The parel geometry
file is formed (TAPE 7) and

can be saved for plotting pur-
poses

3 Celculations stop after the
VAXYPAN subroutine. This scts
IPRNAS=1 au¢ IPRVWAK=2, The
matrix of influence coeffi-
cients is not formed if
MSTOP=3. The geometry file
({TAPL 7) now includes the
initial wake geometry. (The
input file nmust now include
the WAXE INPUT)

4 This is a complete run through
the code but a RIUSTART file is
formed after subroutine ANALIZ

Mote: The print control values set on IPRGOL, IPREAD and IPRVAL
according to the NSTOP values above, can be overwritten
using the IPRLELV options on this card (e.g.,sce Cail' 2A).

21-25 MSTART Pestart control (see 6.3)
0 Pegular first run of a case
- 3 Progranm restart for further

solutions and wake shape
iterations aund~-or boundary
layer calculations (ILLTYP=0)
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CARD 2: Continmed

Columns Variable Yalue Description Format
21-25 MSTART 4 Program restart for more sur-—

face streamlines and boundary
layer calculations (IBLTYP=1)
Future option

5 Program restart mainly for
off-body velocity scans and
off-body streamlines using
the earlier solution

26-30 KODIFY Controls details of a8 re-
start run (i.e., NSTART)>O)

0 No change in the basic condi-
tions except on CARDS 1
through 4

>0 All the BASIC INPUT must be
repeated as for the original
run but with the required
changes for the restart case

2 The WAKE INPUT must be included
with the required changes

CARD 2A: Additional Print Control (Omly if IPRLEV=5 omn CARD 2)
Columnsg Varigble VYelue Description Format
1-5 IPRGOM Controls printout of ' 415
panel geometry (see 8.0)
0 Print off
1 Panel cormer points printed

for all panels

200+N Panel corner points printed
for panels on patch N only
2 Panel control points and

unit normal vectors printed
for all psanels

400+N As for IPRGOM=2 but for panels
on patch N only
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Caxcg 2A Continuned

P-4 — —

Format

e e s e e el @b i i e e e i e e e ae

1-5 IPRGO! -1 Prints basic points (input
ané generated) for defined
sections on 211 patcles.

-(200+N) As for IPRGCIi=-1 but for
patch N only

Note: Negative IPRGO!; values are intended for use in rums with
ISTCP=1 (see uncder CARD 2) for the purpose of
identifying strings of basic points for copying into
later defined sections.,

6-10 IPRHNADR Controls printourt of parnel
neighbor information (see 8.0)
0 Off
1 Inforuwation is printed for

panels on patch edges, panels
at wake-shedding lines and
parels whiclk Lave failed to
finc one or wore of their
neiglkbors

2 Prints neighbor information
for all panels

11-15 IPEVAE Controls printout of wake
data (see 3.0)
0 0if
1 Prints wake-shedding infor-

mation for each wake coluun

2 As for IPLVAE=1 plus details
of wake line geometry

3 As for IPRVAY =2 plus wake
panel doublet values

16-20 IPLCPV Controls printout of panel
coruer point analysis

0 Cff
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CALD 2A: Contipued
Coluuns Yariable Value Description Formst
16-20 IPRCPV 1 Prints x, y, 2, VX, Vy, VZ
V and CP for each panecl
corner point
2 As for 1 plus panel corner
point doublet and source
values
21-25 iPLPPI Controls printout of P-Py
values with the velocity
and pressure data at panel
centers
0 Off
1 On
CARDL_3:_ _NODE_CARD
Columns  Variable Value Description Eormat
1-5 LCDE 1 Steady calculation. €15

Uses option (a) on CALD 4

2 Unsteady calculation.
Uses option (b) on CARL 4
and requires CARD 64

6-10 HPILIAZ Upper limit on number of
panels the user expects
to e generateé (default
1060-30C0)

11-15 HEDLUAX Limit oa the block size in
the blocked Gauss—Scidel
solution iteration, (Default
value--also the upper limit--
is 140-290)

-N A negative number allows tke
user to specify the block
sizes in ! blocks. DReguires
CARD 3A to follow

16-20 ITGOI N Limit on tke number of Gauss-
Seidel iterations for.n solu-
tion (default = 20)
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Coluuns Variable Yalne Description Format
21-25 ILERGE G Vortex line merging
future option

26-30 HSUD Munber of subpanel inter~-
vals used on 8 near-field
wake panel whose IDENTV)>1
during the evaluaztion of
wake influences in PHILAT
subroutine. These sub-
panels are used only in
the streamwise direction
here. (Default = 10)

31-35 NSPITAX Linit on the number of sub-
panels per panel used on
near-field panels on a wake
in the velocity (VEL) routine.
(Default = 25)

36-40 HPCLAX Linit or the nunber of
Predictor~-Corrector cycles
in the steady {(liODL=1) wake
relaxation in subroutine
VAUREL., (Default = 2)

Mote: NEDI{AX and ITGSHX are only active if the number of
panels exceeds 320-635. Tor 2 smaller number of
panels, a direct solver is used.

CARD_3A: _User-Specified Llock Sizes_ in Blocked Gauss—-Seidel
Routine (DUEBSOL)(Cnly if NREBIMAX negative on CARD 3)

€olumns Variable Yalue Description Format
1-80 NLOVWB(I), Vhere M=|NRBIAX| on 1615
I=1,N CARD 3. HNumber of rows
in each block of the
matrix
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CARD_4: _Nuwber of Steps. Use one of two options depending on
the value of MODE om CARD 3.

OPTION (a): _(HODE=1)
Columns Variable Value Description Format
1-5 NWIT 0 One pass through poten-—
tial flow calculation;
i.e., rigid wake
N Number of wake shape 315
iterations per viscous~-
potential flow iteration
6-10 NYPI 0 Potential flow solution
only
20 Mumber of viscous~potential
flow iterations. CARD 26
must be included in the
input deck
11-15 IBLTYP Type of boundary layer

procedure if NVPI)>O

0 Stripwise infinite swept
wing., TRequires CARD SLET 4A
to input the required
strips for this analysis

1 Two-dimensional procedure

along calcvlated streamlines.
SULRFACE STREALLINE INPUT
(CARD SET 24) nust be used

for this analysis

Columns  Variable Value Description Format
1-5 NT Number of time steps 215
6-10 NHC 23 Number of half cycles
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CARD _SET 4A. ©Specifies patch columns for stripwise boundary
layer calculations. Only if NVPIY>O0 ané ILLTYP=0
on CARD 4(a), (IODE=1l).

CARD_4A(i): _Humber of Sets of Columns

Columns Variable Vaiue escription Format
1-5 NPSETS  1(NPSETS(5 Number of sets of patch 15
colunns
CARD_4A(ii)
Loluuns Variable Value Description Format
1-5 NPCIEL Patch number (note: the 1615

patch should have IDELT=1
on CARD 10)

6-10 NECCL 1{(NECCLS14 }Mumber of columns on
this patch on whick the
stripwise boundary layer
calculation is requirec.
At least two columns should
be specified (preferably
the first and last). If
KECOL=1, then all the
colunns on this patch will
bte analysed

11-8¢C (ZOL(I),1I=1, Column numbers (numbered
NLCOL) relative to the start of
this patch) only if HECOL)>1

Note: Use ome card 4A(ii) for each set. If more tkan 14
columns are required tc be enalysed on one patch, then
an additional set can be used with the same patch number,

If RSTART>0 and MEODIFY=0, then proceed to end of BASIC
INPUT.
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escription Format
1-10 RSYHN 0.0 Symmetrical case (acro- 7710.0
dynamic and geometric
symnetry about the 3=0
plane)

1.0 Asyumetrical case

11-20 RGPL 0.0 Free-air case (no
ground plane)

1.0 Ground plane present on
the z=0 plane

21-30 LNF Radius of near—-field
factor; default = 2.5,
(Cased on the panel mean
wvidth)

31-40 RFF Radius of far—field
factor; default = 5.0.
(Dased on the panel
wmean width)

41-50 RCORE Core radius on vortex
filaments (based on CLAL~-
2.0); default = .05

51-60 SCLRES Gauss-Seidel Residual
Linit as a percentage of
the maximum doublet size
in the solution; default
= .2

61-70 TCGL Tolerance limit for the
test of proximity of a
point to a panel edge.
(Factor on the panel side
length); default = .2

85



CARD_6A:

CALD 6, _Onset Conditions
Columns Varisble
1-10 ALDEG
11-20 YAVDLG
21-30 REACH
31-4¢ VHOD
41-50 COlIFAC

ORIGINAL P b
OF POOR QUALITY

Wity

Description Eormat
Incidence of z-axis irn 4110.0

degrees
Yaw of x—azis in degreces
Hlach number

Onset flow velocity wmagni-
tude (default = 1,0 if
VIOD<(10™®°

Compressibility algorithn
factor (default = 0.0).
Second-order correction
being checked out

(Only Present if LODE=2)

11-20

21-30

ALGAL

RFREQ

KX
Iy
Lz

Reference Condition

Variable

Description Format
Leplitude of motion 5F10.0
(degrees)

teduceé frequerncy,
nfC.’ZARz‘{ao

Pivot axis unit vector
througk reference monent
point (default 0.0, 1.0,
0.0)

Description Format

Reference ckord used 6F10.0
for normalizing pitching
moment, (Mote: ~reference
length (REFL) used insidec
the code for the unstcady
node (HODE=2) and also
for normalizing the geo-
unetry is CDAR-2.0)
£6
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31-40
41-50
51-60

SREF

SSPAN

RLPX
RiUPY

RI:PZ

Special Options

11~-15

16-20

Variable Yalue

HOLSET

NVOR

NPASUM

JETPANR

Description Format

. s S e e e

Reference area

Semispan used for
normalizing rolling
and yawing moments

Coordinates of the

reference moment point.,.
If LNODE=2, this is a
point on the pivot axis

Description Format

Allows non-zero normal 515
velocities to be set.

Requires CARD SET 8A if
HOERSET>0. HNOESET = number

of sets of panels (limit

= 200-300)

Allows a free vortex to
be specified., NVORT =
number of segments on
vortex. Requires CARD
SET 8B if KVORT)Y0 (limit

= 20). This option is
rnot complete at this time

Allows sets of panels to be
identified for a separate
accumulation of force and
moment data., QRequires CARD
SET 8C if NPALUN>0. NPASUK

= number of panels sets
(limit = 200-300)

Allows panels to be identi-
fied inside jet regiorns of
high or low encrgy to make
coxrection for total head
differernce in the analysis stage,
Requires CARD SET 8b if JETPAN>O.
JETPAN = number of panel sets
linit = 200-300)
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Columns Variable Value Description Format
21-25 NECLGE Allows the automatic

panel neighbor infor-
mation to be overwritten,
Lequires CARD SET 8E.
{Note: =an initial run
with HSTOP=3 and with
IPRLEV=2 on CAR 2
gives a quick look at the
automatic panel mneighbor
information., The present
option allows that data to
be changed on a panel by
panel basis)

Note: The action of MORSET and JETPAN also affects the panel

neighbor relationships so that doublet gradients are not
attenpted across boundaries of different regions.

CARD SET_8A: _Only present if NCRSLET>0 on_ CALD_ 8.

Columns Variable Value Description Fornat
1-5 NOLPCEH Ifumber of patch con- SIS
taining the required 2F10.0
panel set
6-10 HORF First and last rows of
11-15 NGLL panels, inclusive, cover-
ing the required set of
panels, see Figure 31
{default gives full set
of rows on this patch)
16-20 NOCF} First and last column of
21-25 NOCL panels, inclusive. (Le-
fault gives full set of
colunns on tkis patch)
26-35 VHOLh Specified normal velocity

for the set of panels identi-
fied above, Positive out-
wards frowm the surface



FIRST AND LAST
COLUMNS IN THE SET

FIRST AND LAST |
ROWS IN THE SET oer

\ NO&E / / / NO.C_L .

6 %{a"é? SIDE 3

PANELS WITH SPECIFIED NORMAL
VELOCITY, VNORM, ON CARD 8A
FOR PATCH NORPCH. VNORM IS
CONSTANT OVER THIS PANEL SET.
(SIMILAR TREATMENT FOR CARDS SIDE 2
8C anp 8D)

Figure 31. 1Identifying a Set of Panels on a Patch.
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CAED_8A: Continued
Column Variable
36-45 ADUB
Note

ORIGINAL PAGE 18
OF POOR QUALITY

Use one card per set of panels,

= HOESET on CARD §.

CARD_SET_S85i:

Only Present if MVORTY>O

Format

S . Gt i S, ot W Wi S W e e i s ars a

Applied doublet value--
allows an initial docblet

solution to be applied at
the outset

Total number of sets

on_CARD_8.

Columns Variable
1-10 VORT
CARD_8D(ii)
Colunns Variable
1-10 RIV(I)
11-20 LYV(I)
21-30 RZV(I)
1=1,

NVOLT+1;

Description Format
Vortex Strength r10.0

Description Format
Points describing 3rig.o
vortex line

One card per point.



CALD SET

ORIGINAL PAGE I8
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8C: Only Present if NPASUIDO on CADRD 2.

Coluuns  Variable Value Description Forzat
1-5 NPEPCI Mumber of patch contain- 515
ing set of panels
6-15 WPSRF First and last rows of
11-15 NPSPL panels, inclusive, cover-
ing the required set of
panels, see Figure 31.
(Default gives full set of
rows on this patck)
16-2C NPSCF First and last colunmns of
21-25 NPECL panels, inclusive, covering
the required set of panels.
(Default gives full set of
colunns of this patch)
Note: One card per set., Mumber of sets = NPASUI.
CARD_SET_8D: Only Present if JETPANYO omn_ CARD §.
Columns  YVariable Value Description Format
1-5 JETPCH Number of patch contain- 51§,
ing the required panel 2F10.0
6-10 JETRF First and last rows of
11-15 JETRL panels, inclusive, cover-
ing the required set of
8 panels, see Figure 31.
(Default gives full set of
rows on this patch)
16-20 IETCF} First and last columns of
21-25 JETCL panels, inclusive, cover-
ing the required set of
panels, (Lefault gives full
set of columns on this patch)
26-35 VIHN } Tangential velocity componcnts
36-45 vouT in the 'jet-wise' direction on

the inside and outside surfaces,
respectively, on the jet sheet

enclosing region. (Mormal vec-—
tor or jet sheet points ouvtside)
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CARD_CLY 8L: Only Present if NDCHGE>O on CAHxD_8.

Colunns Yariable Value Description Format
1-5 EPAN } Panel number and the 415
6-10 KSIDE side of that panel

requiring a modified
neighbor

11-25 NEwNAn} New neighbor and the side

16-20 KEVWSID of that neighbor adjacent

to ESIDE of KPAN, see
Figure 24

Hote: ©One card per set; number of sets = NECLGE.

If NEWVHAB = 0 then the prograr sets NEWSID = -KSIDE,

Also, it treats the original neighbor in the same
wey. Thus, neighbor relationship is cut completely
across side KSIDE.

7.3.2 PATCH_GECLETRY INPUT

Repeat the following cards for each component-patcih as
appropriate.

CARD 9: Component Card.

Colunmnns Variable Value Description Format

11-20 CTY coordinate system origin
21-30 CTZ in the global coordinate
systenn, see Figure 7 "

1-10 CTX} Location of component 5F10.0

31-40 SCAL Scale factor (|SCALI)
applied to component peo-
metry (default = 1.0).

If set negative, inclaude
CARD 9A

41-50 THET Rotation angle (degrees)
for the complete component
(default axis = component
y—-axis)., For an arbitrary
axis use negative SCAL and
use CARD 9A

Note: Limit on number of comporents = 10,

92
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(Cnly Present if SCAL<O on_ CALD 9).

1-10
11-20
21-3¢0

31-40
41-50
51-690

CARD _10:

Yariable Yalue
cPX
cry
CPZ l
CiX s
cuy
CliZ
Patch_Cazrgd.
Variable Value
IDUNT 1
2
3
HALE
0
+1i

Description

Two points on the arbi-
trary axis about whickh

the comporent is to be

rotated

(CPX, CPY, CPZ beconmes a
point on the axis and CIX,
ClIY, CCZ is changed to the
unit vector along the axis
of rotation)

Desczigtion

"ing—-type patch, analy-
sis includes sectional
guantities. Allows
IELTYP=0 boundary layer
analysis (see CALD 4(a))

Eody-type patch, analy-
sis excluédes sectional
guantities, Only IDLTYP=1
boundary laver analysis
allowed on this patck (see
CARD 4(a))

Patck with Heumann bouvandary
condition panels (single
sheet). Mo boundary layer
analysis allowed on these
patches at this time

Switck for automatic petch
generator

Regular patclL input. DRequires
CARE 11 and CARDS 12, 13, ...
where applicable

Autounatic patch closing side 3
of folded patch, li; see Figure
22

Automatic patch closing side 1
of folcded patch, I (Continued)

Format

Format

415,644
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Hote: (i) HAFKEwO0 requires CADRD SET 16 only to follow CAZDL 10.

(ii) If lLIACEXQ, the upper and lower surfaces of the

folded patch, |MAEKE|, skould have the same nunber
of parels.

Columns  Variable VYalue Description Eormat
11-15 OLP COMPONENT nuwmber to which

this patch is assigned (C

or blank auwtomatically

assigns the patch to the

current comporent nuuber).

Fote: the first patck

on a new conponent should

not be assigred to a dif-

fcrent component., See 4.4

16-20 LLASS Assigns an ASSELELY znunber
to this patch-—-these can

be in any order (cefault
is 1)

Note: Patches on diifferent CCQIPOUENTS can be contiguous
(but watch the componcut transformations on the CAUD 9
information); wrercas patches on different ADEDNNDLITS
are not alloweé to connect in the panel neighbor infor-

nation.
21-86 PLALE Text for Patch Identi-
fication (optional)
Note: (Limit on Humber of Patchkes = 1C0;

Linit on Panels~Patclk = 5060-1000;
Linit on 179V or NCCL for a patch = 100.)

CARD 11: Section Card.

o P i s S

Columns  Variable Yalue Description Format

1-10 5TX Locatior of the section 6F10.0,
11-20 STY origin in tle component 415
21-30 STZ refcrence frawme (see

Figure 11)

31-40 SCALE 20 Ccaling factor
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Description Format
Section pitch angle in
degrees
Section orientatior Sec Figure
angle in degrees 11
Type of section input
Copies tie previously de-
fined section as originally
specified; i.e., basic co-
ordinetes Lefore scaling, cte.

If the original section wcs de-

fined using INIIODE=4, ticn

new

section is located using incre-—
mental vector (5TX,S8TY,0TZ) re-
lative to tLe oripinal location

Copies the basic coordli-
nates of section I (abso-
lute subscript)

Iaput y,z coordinates of
CLCTION. Teguires Option
(a) on CALD SET 12

Input %,z coordinates of
SECTICII. DReguires
Option (b) on CARD SLT 12

input x,y coordinates of
SECTION. Regquires
Option (c¢) on CARD SET 12

Input x,y,2 coordinates. of
CoCTION. Regquires Option
(d) on CALD ELT 12

Cencrates coordinates omn

a NACA 4-digit section.
Qequires Cpticn (e) o=n
CANE SET 12, sec Figure 17

Ccunerates coordimates on
a semi-ellipse sectiorn.,
neguires Option (f) ou

CLRD SET 12 (Sce Figure 12)

Cenerates coordinates on
a biconvex section. e~
gquires Option (e) on CARD
SCZT 12 (sec Figure 17)

95

feec
Figure
12



Canbp 11: Coatinued.
Coluuns  Variable Value
61i-65 Ili10BE 8
(continued)
12
66-7¢C IODZE G
1
2
3
4

L

Negative
(1 tiru 5)

I @?ﬁ

P
R QRE@N&%@ [ %%ﬂ% i

oF g@@@@ o

Description
Generates a couplete
ellipse., Requires Option
(f) on CARD SET 12 (sece
Figure 19)

Polar coordinate input.
Requires Option (g) on
CARD SET 12 (see Figure
13)

First or interior sectioa
on a patck

oné of a spanwise region
within a patchk with con-
tinuous (1) or discon-

tincvous (2) slope on the
spanvise generators onto
the next spanwise region
This section completes ttre
presert DPATCH
This section conmpletes the

last patchk on the prescat

COIPOHENT., (The next patch
will start a new ccmponent)

This sectior completes tke
last patch in the configura-
tion., This must be present
on the last section to ter-—
minate the PATCH CLEOIITRY
INPUT

If HODES is set to a negative
velue, the present section is
rctated about the S.C.S.
x~azis to forw a part or a
conplete body of revolution,
eguires CALd 15 to follow the
section coordinates {sce
Figure 21)

Forumat
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CADD 11: Continued.

Columns  Yariable VYalue Description Format
71-75 I'PS Only active if NODESXD
0 l.anual paneling in span-

wise region just conmpleted;
defined sections are used
as panel cdges in this region

>0 Menber of panels to be
generated in the spanwise
region just completed

76~20 INTS (Canly active if NCDISXC
and KPS>0

Forw of spanwise interval
spacing for the gemcrated
pancls in the sparnwise
region just completed.
Cee Figure 15

¢ Full cosine spacing with
st:aller panels near the
beginning and end of the
region

1 Half-cosine spacing with
smaller pancls near the
beginning of the region

2 Tzglf-cosine spacing witkh
srzller panels near the
end of the region

W

FEgual spacing throughout
the region

Hote: Limit on the number of defined sectious: 3500.

CARD SET_12: Section Definition. (Present if INUIODE>0C on CARD
i1, see 4.5.5). In ecach set use one card per point.
Insert NODE CALr(S)-14 to control paneling and to
conplete a set. Use one of the options below
-Gepending on the value of IMIIODE., Use one card
per point if INIODIE=1, 2, 3, 4 or 12; see Figures
12 and 13.
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1-10 LY
11-3¢0 Lz

21-30 AX

orTION (b): (INNODLE=2)

Colunas Variable Yalue
1-10 EX

11-20 Lz

21-30 AY

OPTION (e¢): _(INLODEC=3)

Coluuzns  Variable Value
1-1¢ BX

11-20 Ly

21-30 Az

OPTION (d):_ _(IMNLODE=4)

Columns Variable Value
i-10 BRI

11-20 LY

21-30 L

ORIGINAL PAGE I8
OF POOR QUALITY

¥,z coordinates of a
point on the section,.

The x-stations are es-
sentially corstant (0.0);
however, local deviations
in x can be placcd in Ax

i~z coordinates of a
point on the section.

The y-stations are es—
sentially constant (0.0);
however, local deviations
in y can be placed in Ay

Descriptioun

-y coordinates ofi a
point on the section.
The z-stations are
essentially constant
(0.0); however, local
deviations in z caxn be
placed in Az

2,¥.,2 coordinates
of a point on an arbi-
trary skewved section

3r10.0

Fornmat

Forumat

3F1¢.0

3F10.0
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OPTIOH (e): INNODE=5-NACA_4-DIGIT SECTION ox IMNNODL=7-DICCIVIL

SECTION
folumns  Variable Value Description Forwat
1-10 TC Thickness~-clhord ratio of F10.0,
section I5
11-15 IneuT 1 Generates v,z coordi-
nates; x = 0.0
2 Generates x,z coordi-
nates; y = 0.0
3 Cenerates x,y coordii-
nates; z = 0.0
Hote: Tie coordinates are generated om 2 ckord of C.G to 1.0.
They start at the trailing edge or the lower side and
fisniskh at the trailing edge on thke upper sice. (Cec

Figure 17.)

ATy

AU BET 13 wust follow this card,

OPTION (f): _Irncpi=6, SCiI-LLLIPSE or INMNOLE=g, FULL_ILLIPSE.

Coivwns  Variabie Valuc Lleseription Format
i1-10 P Neight of 'vertical' £F10.0,
seui-axis; see Figures Is
15 and 19
11-15 IHPUT 1 Ceucerates y,z coordi-
nates; x = 0.0
2 Cencrates x,2z coordgi-

nates; y = 0.0

3 Cenerates x,y coordi-
nates; z = 0,0

jote: CARD SET 13 nust follow this card.
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OPTION _(a):  (IHiQDE=12) Polar Coordinate Imput.

Solumus  Variable Yalue Bescription Pormat
1-10 X x-station 3r10.0C
11-20 RAD Radius vector

21-3¢ TLoT Orientation (degrees),

see Figure 13

CARD SET 13: (Uscd After Option 12(e) or 12(f).

Coluuns Variable VYaluc Description Fornat
1-1¢ XD Chordwise station ian the F10.0,
range 0.0 to 1.0 at the Is5

end of a chordwise region

orn a generated section.
Place & negative sign on

ZRL if the region end occurs
on the scction undersicde.
See Figures 17, 18 andc 19.
on the last CALD 13 of =
set, XRI=1.,0 for a conmplete
section except in the case
when IHNIODE=6: in this case,
the last region ends with
irp=0.0

11-15 HINT Number of basic poiat inter-
vals to be generated in the
chordwise region just con-

glctcd. Defauvlt value 1is

0 A

Note: A KODE CARD (CARD 14) must be placed after eack CARD 13.
The TERMKINAL KNODE CARD (with MNCDEC=3) nust be placed after
the last CADRD 13 in tke set.

CARD 14: _Chordwise Node Card.

e Gt e S s S ST e A M

Columns Yariable Yalue Description Format
30-35 MODEZC 1} Tecrminates a chordwise 30%,415
2 region having continvous

(1) or discontinuous (2)
surface slope onto the

next chordwise region
ip¢
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RD_14:  Continued.

Colunns Varisble Yalne Description Format
30-35 NODEC 3 Signifies a TERMIMAL
Continuved HODE CARD. This must

be placed after the last
point on a section

-2 copying routine, Use CARD

-3 14A to define a string of
points to be copied over to
forn part or all of present
section. The last copied
point is the end of 2 chord-
wise regionrn with the corres-
ponding action according to
tLe modulus of the HGDIC
value, see 4.5.7.1

-1} Negative values indicate a

-4 As above but the last point
copied is not at & chkorcwise
region end. Ia this case the
CAND 14A nmust be followed
either with another negative
HHODL CARD or with further
basic points

36-40 NFPC 0 lanual paneling in the chkord-
wise region just completed
(i.e., basic points correspond
to panel cormners)

>0 NMuuber of panels to Le generated
in the chordwise region just
completed

41-45 INTC

spacing for the generated
panels., See 4.5.5 and Figure
15. Also under CALD 11

W D

} Foruw of chordwise interval

46-50 HOVE {Only used for basic poiat
input; i.e., INNODE=1, 2, 3
4 or 12)

e o action
1 Chordwise region just conm-

pleted is to be transformed.
CARD 142 nust follow
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CARD 14A: Copy Caxd. Defines a string of basic points to be
copied over., (Follows CARD 14 if NODEC negative.)
8ee Figure 16(b).

Columns VYarisble Yalue Description Format
1-5 NPCH Patch number 415
6-10 NSEC Section number within

that patch (local sub-
script)

11~-15 IB First and last basic

LB points on that section

(local subscript)

CARD 14B: Transformation for a Chordwise Region. (Omnly if
MOVE=1 on CARD 14)

Colwmns VYariable Yalue Description Format
1-10 XPIV Pivot point coordinates 7F10.0
11-20 IPIV

21-30 ZP1V

31-40 HX Pivot axis (unit vector)

41-50 Y

51-60 ;¥

61-70 ROT Rotation angle (degrees)

(Positive right-hand
rotation)

CARD 15: Body of Revolution. (Only present if NODES negative
on CARD 11.)

Columns Variable VYalue Description- Format
1-10 THETA2 Theta interval for body 2F10.0
11-20 THETA1l of revolution, This can

be used to build up a body
of revolution with varying

ORIGINAL pAGE lg P*Rel density. See Figure 21

OF POOR QUALITY
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CARD SRET 16: Specisl Tip Pstch. ¢ 4.5.7.2 snd Figure 22,
(Only present if MAEKEXO on card 10)

Columns Yarisbile Yalpe Description Format
36-40 NPC Number of pamel ‘chord- 35X,415

wise' across patch 10X,315
41-45 INTC Form of panel spacing

'chordwise’ (0, 1, 2 or
3 options ss under CARD 11)

46-50 KURYV 0 Flat patch
1 Semicircular sections
2 Semi-elliptical sections
3 Trisngular sections

51-55 NPTIP Number of points defining

the tip-edge contour,
Regquired only for KURV)>1,
then use CARD 16A

66-70 NODES 3 More patches to follow
this one
4 This is the last patch on
a component
5 This is the last patch in
the PATCH GEOMETRY input
71-75 NPS } 0 Same options as given on
76-80 INTS 0 CARD 11 but not usually
needed here (the default
paneling matches that of
the basic patch)
CARD SET 16A: Tip Planform Shaspe. (Only if NPTIP>0 on CARD 16)
Columns Yarisble Yalue Description Format
11-20 8 Coordinates describing 3F10.0
11-20 Y the tip-edge shape in a
21-30 YA locel system. See Figure

22(d). =z=0.0 if KURV=2

ﬁg&g: Use one card per point. Number of cards = NPTIP,
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CARD_17:  Vake-Grid-Plane.

Columns Yariable Value Description Format

1-10 x x~station of gach vake-~- F1
grid-plane; one value
per card. PFirst station
niust be vpstrean of all
separation points

The set of x-stations must

be terminated with a LCDE
CARD (CARD 1¢8) witk NCDE=3.
Internediate NODE cards

(with NCDE=1) wmay be inserted
to generate intermeciate ste-
tions as described below.
(See also Figure 25)

Hote: Liwit on Nunber of Wake-ﬁrid—Planes = 31,

CAZD _13: HNODZ CARD.

olupns Variable Yalue Description Eo
30-35 HCLDLE 1 Intermediate node card 30
may be placed after any

CARD 17 except the first
and the last

3 Terminal node card placed
after the last CARD 17

36-40 HPC 0 lanual intervals: the set
of z-stations just coupleted
is used directly as a set of
wake-grid-plane locations

>0 Putomatic intervals: NPC
intervals are generated in
the region between the pre—
vious two x-stations

104

X£,415



ORIGINAL PAGE 9

OF POOR QUALITY
CARD 18: Continued.

Columns  Varisble Yalue Description Format
41-45 INTC (Only active is NPC>0.)

Controls the spacing of

the automatic intervals,

Spacing options are the

same as described in

4.5.5.3 and Figure 15

0 Full cosine spacing with
suualler intervals near the
beginning and end of the
region

1 Half-cosine spacing with
smaller panels near the
beginning of the region

2 llalf-cosine spacing witl
smnaller panels near the
end of the region

3 Equel spacing throughout
' the region

46-40 LARK 0 Usual

1 Use orn gone x-statiomn
to wark downstream end of
region of interest, If
NARL is not used the de-
fault is two stations
before last ore, (Vake
downstream of this point
will not be printed or passed
to plot file and will not
receive cdetail relaxation
calculation.)

Note: Repeat the following cards (19 through 23) as appropriate
for each wake.
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Lolumns Yeziable ¥alue Description Fozmst

1-5 IDENTVW Type of wake 315,5%,
A4
i Regular wake. Doublet
distribution is constant
in streamwise direction

2 Unsteady wake (continu-
" omsly generated and
transported streamwise
in time-stepping loop)

4 Jet model. Doublet distri-
bution is linear in stream-—

direction with specified
gradient. Requires CARD 23

6—-10 IFLEXVW 0 Flexible wake——will be re-

laxed if wake shape iters-
tion specified (NWIT>0 on
CARD 4(a))

1 Rigid wake-—will remain
fizxed throughout wake shape
jteration cycles

11~-15 IDEFVW 0 Separation line defined by

strings of separation panels.
Requires CARDS 20, 21 and 22

where appropriate

1 Separation line defined by set
of point coordinates on the sur-
face. (Future option)

21-80 WNAME Text for wake identifica-
tion (optional)

ad

Limit on Number of Wakes = 10-50;

Limit on Number of Wake Columns = 50-200;
Limit on Nn-bet_of Wake Panels = 1500-4000.
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CAZD _.Tésaasai.gn n _Line Specification along Panel Ydpes.
28)

See Tigure

Repeat CARDP 20 and its CARD SETS 21 ang 22

where ap-

plicable for each patch crossed by the separation lisne.

Columas  Varisble  Yalue

1-5 LWPACE
6-10 IWSIDE 1,2,3
or 4
11-15 LVLINL 0
0
16-20 KWPANl}
21-2% TupAN2 )
26-30 IKPUT 0
1
2

(5]

Description Format

Patch nunber 715

Patch side which is
parallel to the dircc~-
tion of the separation
line (see 4.7.3 and
Kote (ii) below

Separation is fron the
patch edge

Lire number (row or
column) within the
patch where wake is
ettached

First and last wake sbed~
ding panels in the prcsent
set, TLe numbering is local
along the separatiox line on
pateh EVWVPACL, 1If the sepa-
ration line extends across

a complete row or column of
this patch in the present
string, then EWPAN1, KWPAN2

should be set to ¢ (default
option)

Copies previous wake lxne
ageometry

WVake line geometry speci-
fied by y,z coordinates.
Requires OPTION (a) on

CARD 21

Vake line geometry speci-
fied by x,z coordinates,
Reguires OPTION (b) o=z
CARD 21

VVake line geometry speci-
fied by x,y coordinates.
Requires CPTION (c) on
CARD 21
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CASE _20:  Continued. OF POOR QUALITY

Colunns Yariable VYalue Description Format

26-30 INPUT 4 Viake line geometry speci—
(continued) fied by x,y,2z coordinates

(global reference). Re-
gquires OPTION (d4) on CARD 21

31-~35 ﬁDDEWS 0 FPirst or intermediate
string of panels being
specified
3 Completes a wake. Only

INPUT and the following
variables are active on
this card. If INPUT)>O,
then the appropriate
geometry of the last wake
line for this wake (CADD
21) must follow

5 As for the NODEVWS=3 but
this completes the last
WAKE in the input data

36-40 1pvc "Future option to change
the type of wake (IDEMTVY)
on a3 column-by-colunn
basis

31-45 IFLXL Future option to change
the 'flexible’' status
(IFLEXV) on a lime-by-
line basis

46-55 DTHET Option to rotate a wake
line geometry about the
local x-axis

Notes: (i) If, in a subsequent case the panel density is
changed orn a patch crossed by the separatiox line,
then EVPAN1, XWPANZ and possibly KWLIME might need
to be changed also.

(ii) The 'direction’' of the separation line is suck that

the wake~-shedding panels 'upstream’ of the wake sepa-
ration sre on the left when looking along the line,
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f%ﬁg.lakszéias_ﬁagagiax- (Only if INPUTNC on

Use one of four options depending on the value I}PUT on

CARD 20. OPTIONS (a), (b) and (¢) require

loceal

coordinates relative to an origin at the separation
point with coordinates axes parallel to the global co-

ordinate systenm,

OPTION (d4) requires coordinates specified in the global

coordinate systen,

OPTION (a):_ _(INPUT=1).

Colvuns  Variable Yalue Description
1-20 SWPY} ¥,z coordinates of each
point orn a wake line.
11-20 SVPZ x values are essentially
corstant (0,0); however,
21-30 Ax 1local deviations in xz can

be placed in Ax

(See notes below.)

OPTION (b):_ _(INPUT=2).

Columns  Variable  Value Description
1-20 S¥YPX x,z coordinates of each
point or a line. y values
11-20 EvPZ are essentially constant

(C.0); however, local de-
21-3C Ay viations in y can be
placed in Ay

{Sec notes btelow.)

OPTION (e): (INPUT=3).

Columns  Yariable Yalue Description
1-10 SVPX x,y coordinates of each
point on a wake line.
11-20 sSVPY z values are essentially

corstant (C.0); however,
21~-3¢C Az local deviations in z can
be placed in Az

fee notes below.)
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Coluuns

CARD_22:

e e S e s S e

(INPUT=4).
Varisble Input Description Format
SWpPx 2,¥Y,2 coordinates of 3F10.0
each point on a weke
. 8wpY line specified in glo~-
bal coordinates
S\MPZ
(i) Use one card per point for thke above orptions.

(ii) Exclude the first point on the wake line (i.,e.,, the
separation point), This is locateé by the srozren
using the informationz on CARPE 20.

(iii) Vake node cards, CARD 22, can be inserted in the
set of points to generate additional points ox
curved lines, A terminal node card with NODEYC=3
uust be placed after the last point on 2 wake lizne.
Gee Figure 29.

(iv) The points input or generated om a wake line are

not directly related to the wake parvels. Tle
x-stations of the wake panel cormer points are
deternined by linear interpolation at the wake-
grid-planes defimec on CARL 17.

Vake Mode Cazxd.

Yariable Yalue Description Format
NOLEVC 1 Optional intermcdiate 3¢X,315
2 node card placed witkin

a set of wake line points

in order to generate addi-
tional points along & curved
line with continuous (1) or
discontinuvous (2) slope onto
tke next region

3 Terminal node card. This
must be placed at the end
of a set of points to finisk
a wake line
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CARD 22:  _Continued.

Columns

36-40

41-45

VYariable Yalue

Description Format

NPC 0 Hanual intervals. The

IY

input points are taken
directly

»1 Mumber of intervals to
be generated in the
region just coupleted

InNTC Form of spacing if HPC>C
(see Figure 15)

0 Full cosine spacing with
suuller intervals near the
beginuing of the region

1 HHzlf-cosine spacing with
smaller panels rear the
beginning of the region

2 Balf~cosine spacing witlk
swaller panels near the
err¢ of the region

L8]

Equal spacing throughkout
the region

Pl-4 Vaxe Velocity Pata. (Only if INDENTV=4 on

CA

VYariable Yalze Sescription

(i)

oL 19)

o
I~
13}
]
fer

(]
ey}
Pt
o
.

o

Vil Taugential velocity ox
the vaderside or iamside
of the vortex sheet wake

youT As above but on the top
side or outside surface

If just one pair of values is given as above, then the
code will sct the same values for all columns on this
wake, If different values are reguired on other columns
of this wake, then NVUC pairs of values must be input on
the 8F10,0 format continuing onto additional cards if
necessary. MNVC is the total nuuber of colunns (i.e.,
runber of wake~shedding panels) on this wake.
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3
!O
et
foo

(ii) Surface prancels immersed in a jet should be ideuntified
usiang JETPA!N on CARD 8 and data orn CARD EP. This does
not affect the doublet golution--only the analysis of
surface velocitios and pressures; it changes panel
neighbor information and provides tke jump im total
head for Cp calculations inside the jet.

1.3.4 lanag.ﬁ...uarfns treamline Calculstion.

n

One data card is required for cach streanline to be calcula-
tec and a finzl card to signify the end of the streamline data.
Calculation proceeds upstream and downstreawu fron startiny point.

CARD 24: Starting Point of Each Streamline.

Coluuns ariable Yalue Description Forust
1-10 F 0.05({F£0.95 Location of starting F10.0
point of streamline as 215

a fraction of the

panel side containing it
(neasured anticlockwise).

L value of F=0.,5 will cause
the starting point to be in
the nicddle of the panel sice

11-15

3]
)

Panel number of the panel

through which the stream-

line is to pass. Caution:
this must not be a stagna-
tion pamnel

16-20 NS 1,2,3 Panel side nusber for
or 4 streamline entry.

lormally to be left
blark., Program will
select 8 side. If a
side is prescribed
(1{N8<4), the user must
ensure that a streanline
panel through that side
ps opposed to gxiting

S e s S

through that side
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11-15

15-20

Yariabile Value
Ir
Lr
NS
7.3.5 DBoundary L
on CARD 4(

CARD_26 Leynolds_ MNumber, Itc.

Coluuns Variable Valge
i-10 RhL

11-20 TRIPUP

21-36 TRIPOP

OF POOR QUALITY

Description Format
Hust be set equal to F10.0
2.0 if the body is 215
attached to a plane of
symmetry

llust be blank (to signal
end of input)

Leave blank for normal
output: set N8=1 to
shut off all output
printing (but save the
plot file; see 6.2)
except listing of input
data

{(Only present if LVPI)O

(]
o
o
o
a1
pae

e
(a4
b
Q
-]

=

{4
]
(Y

e+

Reynolds nuuber based
on reference chord and
free stream velocity in
millions, Vepe~r Vv (10-6)

wy
iy
-
o
.

(=}

Trip location (x~-c). If
tripping is not desired,
TRIPUP=1

Trip option, 'RIPCP=1:
this deters the user from
specifying a trip location
where the boundary layer
could not (because of the
Reynolds number) beconme
turbulent, If too early

a trip location is speci-
fied, the location is re-
positioned to corespond to

the point where X exceeds
200 6
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Description
Loundary layer printout

No crossflovw parameters
will be printed

Crossflow parameters will
be printed

Hunber of integral dinter-
vals to be skipped between
boundary layer printouts
(streamline is divided into
200 intervals, e.g., if
ISHIP=10, 20 printouts are
produced)

7.3.6 Qff-Body Velogcity Scam Input

CARD _26: _Continued.
Columns Variable VYalue
31-40 XPRINT
0.
1,
41-50 XSKIP
CARD _27:__SOgcan_uox.
Columns Variable Value
1-5 1iOLD
1
2
0
6-10 LLET
o
1

o i s st Wi i e iy

Shape of velocity scan
volume, see Figure 30

Skewed box option: allows
a single point, points
along a straight line or
straight lines within a
parallelogran or withiu a
parallelepipec. Requires
CARD SET 28, etc.

Allows points along radial
lines ix a cylindrical
volune, Requires CARD

SET 32, etc.

Stops the scan

Controls the intersection
line zroutine (see 5.1)

Active
Off
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CARD 27: _Continued.

Coluuns Variable Value Description Yormat
11-15 NEAR Controls the near~field

routine in the velocity
calculation (see 5.1)

0 Active

1 Active only for surface
panels (wake near-field
off)

-1 Inactive

21-25 INCPLY for plares, lines or

16-20 IHCPRI} Print frequency control
26-30 INCPRE points, respectively

0 All the velocity scamn
results are printed

| Prints the results only
for every Kth plaune,
line or poiat, respectively

Note: Use one CARD 27 for eack scan box. Finish the set with a
blank card (i.e., LOLD=0),

Lolumas  Variable Value Description Format
1-10 X0 Coordinates of first 3F10.0.
11-20 Y0 correr point of a box I5
21-30 Z0
31-35 NP 1 Single point. No fur-
ther input for this 'box’
-2 Single line. CARD 29 nust
‘ follow to complete this
'box’
3 Lines within a parallelo-

gran, CARDS 29, 30 nust
follow to complete this
'box'

4 Lines within a parallelepiped
CARES 29, 3C ard 31 must follow
to complete this ’box’
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2. (Only if II0LL=1 on
CARD 27 and NP>1 on CARD 28)
Colunns Variable Value Description Format
1-1¢ X1 Coordinates of a second 3F10.0,
11-20 Y1 corner point of a2 box I5
21-30 B3 3
31-35 ) o | N Nunber of points (equally
spaced) along the straight
line (X0, Y0, ZC) (X1, Y1, Z1)
-M A negative siga on the nui-
ber of points allows tlLe
goint locations along the
line to be specified. Re~
requires CARD 29A to follow
CARD _29A: Specified Point Locations along First Edge of Pox.
(Only if NP1 negative on CARD 29)
Columns  YVariable Yaiue Description Forpat
1-8¢C (ALI(I), C{(AL1<1.0 Normclized location of §€F10.0
I=1, [HP11) each point along first
edge of box
CARD_30:_ Third Cormer Point of Skewed Box, (Omnly if ICLL=1 on
CARD 27 and ¥P>2 on CARD 28)
Columns Variable Vailpe Description - Format
1-20 X2 Coordinates of third 3F10.0,
11-20 Y2 corner point of a box I5
21-30 Z2
31-35 NP2 N Nember of points (equally

speced) slong the straight
line (X0, YO, Z0) (X2,

Y2, Z2)). These points
locate the start of ezach
scan line within a scan

plaxe

A negative sign or NP2
sllows tlhe point locations
along the lire to be specified.
Reguires CARD 30A to follow
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CARD 30A: Bpecified locations of Scap Lines. (Oaly if HP2
negative on CARD 30)

Coluuns Variable Yalue Description Format
i-8¢ (AL2(I), O04AL2<1.0 Normalized location SF10.0
I=1,INP21]) of each point along the

second edge of box

CAFD_31: _Fourth Cormer Point_ of Skewed Eox. (Gnly if HOLD=1
on CARL 27 and NP=4 on CARD 28)
Columns Variable Yalue Description Format
1-10 X3 Coordinates of fourth 3F10.0,
11-20 ¥3 corner point of a box I5
21-30 3
31-35 NP3 N Numnber of points {(equally

spaced) along the straight
line (X0, YO, Z0) (X3, Y3,
Z3)., Ttese points locate
the corners of the scan
planes aloung the third
eége of the box

-1 L megative sign on HP3
allows the point locations
to be specified. Iequires
CARD 31A to follow

CALD 31A: _Specified Locations of Scan Planes. (Only if NP3

s A i s, s e e i S Sy S

negative on CALRD 31)

Columns ariable Value Description Format
1-80C (AL3(I), O0g¢AL3<1.0 Mormalized location 8F10.0
I=1,|NP31) ; of each point along the

third edge of thke box
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CARL_32: _First Point for Cylindrical Velume. (If ICLD=2 on
CATD 27)
Columns  Yariable Valpe Description Foruzat
1-30 Z1 Coordinates of first 7F10.0
11-20 i1 point locating axis
21-3¢0 Z1 of eylindrical volume
31-40 301} Outer and inmer radii,
41-5C nii1 respectively (see
Figure 30(b)
51-60 KETAI} First and last azimutkal
61~-70 TLETA2 stations (degrees) measured

from the vertical (see
Figure 30(b)

B i GBS, St - MO SR St S Sl S St SEREE st ST O M. Ml 4B . e PO

Coluuns Variabice Value Description Format
1-1¢0 X2 Coordinates of second 5F10.0
1i-20 Y2 point locating the axis
21-3¢ z2 of cylindricel voluwme
((xX1, ¥1, 21) (X2, Y2, Z2))
31-40 ROZ} Cuter and inzer radii,
41-590 RIi2 respectively, at secord
station

CARD_34: _Point Distribution in Cylindrical Volume. (If LOLT=2

on CARD 27)
Columns Variable Valug Description Format
1-5 NAL H Huuber of stations 315

(equally spacec) along
the cylinder axis, de-
fining tlke location of
scan plenes (see Figure
30(b)

- L negative sign allows

tic stztions to be speci-
fiec. requires CALRD 34A
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Coluwns YVariable Yalue Description foruat
6-10 NTLETA N 'umber of azimuthal

stations (equally
spread between THETA1
THETA2) locating scan
lines within each scan
planc ’

=N A negative sign on MNTHLTA
allows the stations to be
specified. Requires
CLRD 34D

11-15 MRAD N Nuumber of points (eqgually
spaced) along eack radial
scan line

-N A negative sign on MNIRAD
allows the stations to be
specified. Requires CADD 34C

CADD-34A: Specified Location of Scan Plapes inm Cylindrical
Yolume. (If ¥ODE=2 om CARD 27 awnd HALCG on CARD 34)

Columns  Variable Yalue Description Format
1-80 (AL1(I) 0¢AL1<1.0 Mormalized locatiors 8F1010
I=1,INAL]) along the cylinder axis.

(X1, Y1, Z1) (X2, Y2, Z2)

3 i ion of Scan Lines in Cylindrical
Volune.(If I'CDE=2 on CARD 27 and NTILTACO onCARD 34)

Columns  Variable Valpe Description Forumat
1-80 (ALTHET(I), OKALTHEET Mormalized azinuthal 8rio.o
I=1, INTECTAl) £1.0 stations between TLETAL

ancd TIICTA2
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CALRD_34C: Specificd Point Locations in Cylindrical Volume.
If I'GDE=2 on CARD 27 anc NRADC(O on CARD 34)
Coluu:ns Variable Value Description Eormat
1-80 (ALLAD(I), OfLALRAD Normalized point lo- 8F10.0
I=1, |NRADI|) (1.0 cations between inner

snd outer radii on each
radial scan line

Hote: CAL2DS 34A. 34E and 34C mey all be present (in thkat order).

o b SHn e i S WA i v 4t D S S W M O S S W Wl SV W

Coluuns  Variable Yalue Description Forpet
1-10 8% Coordinates of starting 6rice.o,
11-2¢ nR8Y goint I5

21-30 RSZ

31-40 S Disteuces upstream and

41-50 1] éowvnstresm, respectively,

for length of streamline

measured frow the starting
point

51-60 DELS Dasic length increment for
steps along the streanline.
This is a factor on CLAR

on CALD 7. (The step length
is sdjusted up endé down with-
in the procedure)

61-65 HEAZ Controls the near—-field
routine in tke velocity
calculator

0 Active (use if streauline
passes close to a surface)

1 Active only for surface
panels (wake near field off)

-1 Off (use if streamline is

well clear of the surface
2nd wake)

Hote: (i) Use one caré per off-body streamline. Finish the set
with a blank card.

(ii) This procedure is still being chkecked out.
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7.4 Input Flow Chart ORIGINAL PAGE 8
OF POOR QUALITY

7.4.1 Overview

@Asxc INPU@ «—| Caution: If MSTART>0, see @
e Aw

YES
YES
b |
MSTOP
YES 510
N CARD
No MSTART
(SURFACE STREAMLINE INPUT )ug ?
ON CARD 2
BOUNDARY LAYER
CARD 4(a) 3 INPUT

@FF-—BODY VELOCITY SCAN INPUT )F

(OFF-BODY STREAMLINE INPUE')

%@ND of' INPUT)
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7.4.2 Basic Input ORIGINAL PAGE 19
OF POOR QUALITY

CARD 1: TEXT
1

CARD 2: TIPRI, IPRLEV, IPRESS, MSTOP, MSTART, MODIFY

IPE??V YES »| CARD 2A: TIPRGOM, IPRNAB,
IPRWAK, IPRCPV,
IPRPPI
NO T

CARD 3: MODE, NPNMAX, NRBMAX, ITGSMX, IMERGE,
NSUB, NSPMAX, NPCMAX

NRBMAX YES
<Q?

CARD 3A: NROWB(I) T

l

CARD 4: (a) NWIT, NVPI, IBLTYP (MODE=1 on CARD 3)
or (b) NT, NHC (MODE=2 on CARD 3)

IBL’I‘YP 0 \ ,
é\] CARD 4(a)7/"[CARD 4A(1).‘ NPSETS 1
\ ' CARD 4A(ii): NPCHBL, NBCOL,

(KOL (1), I=1,
NBCOL )

)

YES e
»{END OF BASIC INPU'I)

|CARD 5: RSYM, RGPR, RNF, RFF, RCORE, SOLRES, TOL
¥
CARD 6: ALDEG, YAWDEG, RMACH, VMOD, COMFAC

CARD 6A: ALBAR, REFREQU, HX,

HY, HZ

CARD 7: CBAR, SREF, SSPAN, RMPX, RMPY, RMP2Z

(CONTINUED)
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ORIGINAL PAGE gg
( BASIC INPUT CONTINUED) OF POOR QUALI

'

CARD 8: NORSET, NVORT, NPASUM, JETPAN, NBCHGE

NORSET>0 YES

ON CARD 8? —-pi CARD SET 8A: NORPCH, NORF, NORL,

NOCF, NOCL, VNORM,

ADUB
—»] CARD 8B: (i) VORT
CARD 8B: (ii) (RXV, RYV, RZV)

1

—pi CARD SET 8C: NPSPCH, NPSRF, NPSRL,
NPSCF, NPSCL

NVORT> 0 YES
ON CARD 8?

NPASUM>0 YES
ON CARD 8?

JETPAN>0 YES

ON CARD 8% »4 CARD SET 8D: JETPCH, JETRF, JETRL/

JETCF, JETCL, VIN,
VOUT

NBCHGE>0 YES
ON CARD 82

+{ CARD SET 8E: KPAN, KSIDE, NEWNAB,
NEWSID

@ND OF BASIC INPUT)

123



7.4.3 Patch Geometry ORIGINAL PAGE 1€
OF POOR QUALITY

(FROM BASIC INPUT)

5.
‘—-——"[CARD 9: CTX, CTY, CTZ, SCAL, THET, (COMPONENT CARD) |

SCAL<O YES

ON CARD 9°?

o CARD 9A: CPX, CPY, CP%, CHX, CHY, CH

&

(———ICARD 10: IDENT, MAKE, KOMP, KLASS, PNAME (PATCH CARD)|

YES
MAKE*O > » CARD SET 16/16A: SEE FIG. 22 |j———p,

No
h

‘-QCARD 11: STX, STY, STZ, SCALE, ALF, THETA, INMODE
NODES, NPS, INTS (SECTION CARD)

1,2,3,4
CARD SET 12(a), (b), (c),
or 12— " (3) or (qg)/14 N
SEE FIGS. 12, 13
%x Z = ir 5 —»| CARD SET 12(e) /13
g o © <o SEE FIG. 17
al Ol & —
g 2l 8 Jl
O & © = g - [ CARD SET 12(f)/13 L
=l =l B r SEE FIGS. 18 AND 19
1 K
4 B4 I *

CARD 15: THETA2, THETAl,
SEE FIG. 21

=5

@\TCH GEOMETRY COMPLETEB)
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ORIGINAL PAGE IS
7.4.4 Wake Input OF POOR QUALITY

@Rom PATCH GEOMETRY

CARD SET 17/18: WAKE-GRID-PLANES
~ SEE FIG. 25

CARD 19: IDENTW, IFLEXW, IDEFW, WNAME (WAKE CARD)

!

B4
23]
0 CARD 20: KWPACH, KWSIDE, KWLINE, KWPAN1, KWPAN2
éa S ’ INPUT, NODEWS, IDWC, IFLXL, DTHET
o
o INPUT? ¥0 CARD SET 21/22
2l aa (CARD 201/,
| ge
bl = _
al . & =0
o
(' STREAMWISE WAKE LINE COMPLETE)‘
=0 NODEWS ?
- (CARD 20)
IDENTW=47
ON CARD 19 CARD SET 23: VIN, VOUT
NEW WAKE =3

I
(exp oF wake INPﬁE)
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ORIGINAL PAGE IS
OF POOR QUALITY

7.4.5 Surface Streamline and Boundary Layer Input

CARD 24/25: F, KP, NS

(END OF SURFACE STREAMLINE INPUT)

YES

NVPI>0?
N CARD 4(a)

CARD 26: RNB,
TRIPUP, TRIPOP,
XPRINT, XSKIP

NO

i

(END OF BOUNDARY LAYER INPUT)
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7.4.6 Off-Body Velocity Scan Input

CARD 32
NEXT PAGE

ORIGINAL PAGE [

OF POOR QUALITY

1 CARD 27: MOLD, MEET, NEAR, INCPRI, INCPRJ, INCPRK

MOLD?
ON CARD 27

SCAN INPUT

END OF OFF-BODY VELOCIT%:)

*i n Volume

ON CARD 3

CARD 28: XO, YO, ZO, NP
Individual
Point
CARD 29: X1, Y1, 21, NP1l
CARD 29A: (AL(I), I=1, |wNpP1])
Points
Along a
Line
CARD 30: X2, Y2, 22, NP2
CARD 30A: (AL2(I), I=1, |np2|)
Lines
Within a
Plane
CARD 31: X3, ¥3, 23, NP3
Planes NO / NP3<0? CARD 31A: (AL3(I), I=1, |NP3]|)

!
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ORIGINAL PAGE 1g
OF POOR QUALITY

OFF-BODY VELOCITY SCAN INPUT, CONTINUED

(?ROM MOLD=2 ON CARD 27 )

1

CARD 32: X1, Y1, z1, ROl, RI1l, THETAl, THETAZ2

[cARD 33: X2, Y2, 22, RO2, RI2|

CARD 34: NAL, NTHETA, NRAD |

NAL<O0?

ON CARD 3 CARD 34A: (ALl(I), I=1,

INAL|)

- I
;‘

NTHETA<OQ? YES

INTHETA] )

CARD 34C: (AL3(1), I=1,
INRAD])

RETURN TO
CARD 27

|
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ORIGINAL PAGE fe
OF POOR QuALITY

7.4.7 Off-Body Streamline Input

CARD 35: RSX, RSY, RSZ, SU, SD, DELS, NEAR

>€

4 SU + sD?

<e (é = lo_g)

(END OF OFF-BODY STREAMLINE INPUT )

@D OF INPUT’
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8.0 CUTRUY _DISCRIPTION ORIGINAL PAGE 19
8.1 Pring File OF POOR QUALITY

The ouvtput starts with the program header followeéd by the
user’s TLRXT identification, The list of BASIC INPUT is printec
next, card by card. Eech varisble is identified in parexthescs.
The iaput 1ist for PATCI GHOLLETRY is printed next if the IPDT iuput
option has been set >0, If IPRI=1 this input list excludes the
basic point coordinates; these can be included in tke list by
setting IPLI=2, but this car give a large voluwme of print for
conlicated configurations,

1§ tihe megative IPPCCM option has beer used on CALT 2A, thuen

the VASIC POINTS defining pateh SLCTIONS are priunted gatech by
pateh:

LIST OF LASIC POINTS CMN SECTICM & Ol PATCH #

nX LY L2 (nr2)

These basic points inclede thosc generated by the code as
well as those input by tie uvser. The sulscripts IIDP ideatify tte
basic points for the puryose of copying strings of yoints over
into later sections,

After processing the patckh geometry input, the prograu
(subroutine GLOHIN) prints out a scumiary table of tlhe patch
parameters:

ol IDINT LLASS LGP HRoY HCOL IPAN LYAH HEAN

"where ! is tue patch nunbver; INILT is the patck ideutifier (1, 2
or 3); IILASS is the LSELILLY aunber and wOlIiP is the component
nunber to which this patcl is assigned; MROV and IKCOL are tle
number of panel rows ané colunns, respectively, on eack patch;
and IPAH, LPAN are the first ané last panel subscripts onm each
patch. NPAN is the total anuwber of panels within the patch, If
a text identification, PUHAIE, has beeun givern for the patck, this
is written to the zrighkt of LPAN,

If IPRGOII=1 (see CARDE 2, wuudcr IPRLLY, and-or CARD 24),
then the panel cormer point coordinates are printec patch by
patch: ’
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PANEL CODIMEL POINTS O PATCH #

S S & T4 Lo Yo Iy X3 Y3 I3 Xg Tsg Zg4

where ¥ is the panel subsoript, and 25, y;, zj are cxpressed ir
the global coordinate system,

If IPROON=2 (see CARD 2 under IPLLEV and-or CARD 24) tlLesn
tLe panel coutrol point (XC, YC, ZC) and unit nornal vector (X,
7ii, ZK) are printed patech by patch:

PALCL CONTROL POINTS AMD UNIT NOLIAL VELCTOLS ON PATCL #

H4 ic ¥C Zc R YH ol

Tue list for VWALL INPUT follows.
are icentified iu parentheses.
processed,
format.

Again, the input varicbles
YWher the wake iunput lLas Leexn
the wake-grid-plane z-stations are printcd inm 10F16.4

If IPDHALY0 (sce C.ND 2 uunder IVPRLLV andror CLILL 2A), then the
panel neiglbor infornation (sce Figure 24) is printel patck by
patek 'before' zand 'after wake shedéing’.

PANEL NEIGLDORS ON PATCH #

LEFCIE VALL SLILPLING AFPTLLR WAZE SHEDTING
HADOR (HALSID) JALCD (MABSIE)

VAR SIBT 1 SIPT 2 SIDL 3 SILE 4 IPAN SIDD 1 SIDE 2

* L] .

SICE 3 SIDL 4

If IPRNAD=1 only those panels with missing neighbors (e.g.,
8 wake-shedding line) or witl special wneighbors (e.g.,
of synuetry) are included in the list., If IP:NAPR=2,
neighbor information is printed.

at
at a2 plane
2ll the pamnel

Zackh walke shape iteration (1OD

, E=]1 on CALD 3) starts with the
printout:

WALE ITLRATION &
ALPIA = ¥
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(Uinless the primt frequency control parameter, IPRLSE, (see CL:™ %)
has suppressed it,)

Cx subseguent viscous~potential flow iterations, this will Le
precededé by:

VISCCUS~-POTENTIAL FLOV ITERATICH #

If HODE=2, the corresponding printout (unlecss suppressed by
thic parameter IPDRISS) is

IT = & TAU = &
ALPHA = § OI'LGA = #

wiere IT is the tiwme-step number; TAU is tle norralized time froi
the start of the final complete eyecle (i.e,, the cycle being

aunalysec for real and imaginary terins); ALPIA is the instautaucous

%nciéenge (Gezgrees) and OIECA is the inmstantaneous rotatior rate
i.e., Q),

£11 the following printout in the wake shape iteration loop
(i:CPE=1) or tine-step loop (LCDE=2) is controlled by the print
frequency control parameter, IPLDESS (CARD 2); tLe printovt c&a be
suppressed or just printed for every nthk step, say.

Petails of the waske paneling are printcd next depending on the
value of IFLVAN (see CARD 2 under IPLLEV or CAED 24); if IPQVAILDO,
tire following is printed for eacl walke:

SULNOUTINL WAIPAD

LATA TOR VAYE #, IT = §

IDLTY IFLEZY NTCGL
$ # #

vhere IT is the walke shape iterationr nuuber (if LILE=1l) or time
step nunbver (if LODE=2).

IBEFY, IFLEXV are the input quantities (see CARD 19) and NVWCOL
is the nuvnber of wake colunns on this wake. The text for the wake
identification (if this option wus used on CARD 19) is printed to
the right of IVCCL,

This is followed by the waske shedéing parameters (Figure 27)
for eacki column on the wake:

IDVCOL RVPU KVPUU KVPL EVPLL SU LSU SL DSL FX2U PRIUUPHILPLILL DLLV

- - » * . . . . * . . . [ o
L L] L L ® . . » . » L) L] . .
[ . L] . . ° . . ° . . ') . .
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ORIGINAL PAGE I8
OF POOR QUALITY

w.ere IDVCCL is the wake type (see under CARIS 19, 20); ULwIU,
EwilLU, EKWPL and LXVWPLL are subscripts for upper end lower surfuce
puxncis at the wake separation line, sece Figure 27; PLIT, PiIIUU,
P..IL, PHILL are onset flow velocity potential values at tiLec center
proints of panels EVPU, etec, ELV is the juump in the strcanwise

tangential velocity across the wake for those colunus with
IDVCOL=4 (i.e., jet wakes).

If IPL.VAK=2, the wake line geometry on this wake is also
printed: :

‘WARKE LINL GEOILTRY

(I'ote: the print excludes the last threec points on eacl line.)

LIl #
N ¥ bé yal
E ] [ ] L) .

. . L] .

If IPLYLN=3, the wakc panel doublet valves arc printeéd, columm
by colunn,

Vkex all the wakes have bLeer processeé¢, the standerd printout
(i.e., LPLVAE=C) from VALUPAN follows:
DATA IN WANIPAL
(BVC, IVPANQINC), HUC=1, KVCOGLT)

These are printed in sets of 10 across the page. NWC is tke
wake colunn subscript and IVPAN is the wake panel subsecript at
the beginning of each column, HNICULT is the total number of wake
columns in the configuration. The wake penel subscripts used in
the plotting routine CLNIPLT are obtained by adding 30C0 tec
IVPAN.

The relationships between the weoke lines and the wake-grid-
planes is printec next:
VALEE LINE SECUEHCE ARRAY I VARLD-GUID-PLANE SYSTEL

J, (LSECU(,Y) =1, NVGP)

H¥GP is the nunber of wake—-grid-planes, J is the wake line
scbscript.

The woeke-grid~-planes are the columas in the array output with
the upstresw plane at the left. Dech LOZCU value is tle subscript

133



ORIGINAL PARE 18
OF POOR QUALITY

0f 2 wake line intersecting each wake~grid—plane. A negative sizn
is placed on the first and last wake line of each wake.

A sunumary of the first wake~grid-plane intersected by eacl
wake line is printed mnext:

FILST VWALE~-CRID-PLANE INTERSECTED EY BACD VWAL LIUD
{(J, IWGP(J), J=1, LINT)
where LINT is the total number of wake lines.

Qutput frowm tke doublet solution subrountine LULSCL folilows

next, I[ the nunber of panels is such that the iterative solution
procedure has been used, then the following is printed.

First, the blocking arrangement is given, LPFLL is the first
row of a block, while NROVD is the number of rows in the block.
This is followed by:

SCLUTICH EISTORY OM PANEL VITL HMAXILUN RESILULL

Jiuusl, SCL (panel subscript and solution value)
follows in 5(XI4, 2%, G12.6) forust

If the value of IPNSOL=1 (sec under IFLLLV or CARD 2), then
the complete doublet solution is printecd in 5(iI9, 10.5) foruat
(i.e., panel subscript ané¢ doublet value).

The surface pressure distribuition is prirted ncxt:

(a) LGDE=1. The pressure distribution is printed according to
the type of patch (ILELT)., If inLHT=1, the following is printed
for eack coluwn of panels.

¥ X Y 2z DPUL VX VY VZ V C. y.Cc uw.C

. . L] . . * L] ° ® » » ']

. . . . L] L] ] . . . ] .

where K is the panel subscript; X, ¥, Z is tke control point
location, aud¢ DUL the doublet veluc; VX, VY, VZ and V are the
velocity veector components and nagnitude; Cp'is the pressure

cocfficient and X~-C, Z~-C the location of the point relative to the
local chord linme.

If IPLPPI=1, then the P-P_ values are printed to the right of
Cp*

Eack column is followed by the integrated section force and
moment coeificients defined irn the wind axes,
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€, €& €L Cux CHY (CuZ CIRC CROLD LI YLE JLL YLO-LODAU

wiere CI', €S and CL are the section force coefficients irn the érag,
side and 1ift directions, respectively; CiX, CLY, CI% the roll,
pitch aud yaw moment coefficients; CINC is the circulation value;
CLORD is the local chord length with leacing edge at LXLE, YLZ, ZLE.
TLe coordinate are given in the same reference frame as originally
specified. YLE~-SSPAN is the normalized spanwise locatiou of tle
section where SSPAN is the refercnce serispan on CARD 7. SSPAIl is
used to normalize the rolling and yewing nmomentis while QDAL is
used to norualize the pitching moment,

The force and moment coefficients are also given in the body

axis system, JYn this case, CI!X and CLZ have beer noruziizecd by
SSPAN ang LY by CRAR.,

For type 2 patches (IDE}NT=2), the pressure printout is
shortened Ly omitting X-C, Z-C anc by owuitting the section force
atd nrouent sunmary at caclh colunn,

A suvmwmary of the patch force and wmoment coefficierts
normalized by the referenmce guantities in the basic data is
printed 2fter each petch and the totel force and wuowncnt
coeificients are printed after the last patch for coupoments axnd
asseniblies aund also for user—selected penel sets specified under
tke optionsz om CARD &.

(b) !CBLE=2., The unstczdy pressure distribrtion is printed out
in 2 similax way to the LCTI=1 forusat, If I1TnT=1, the following
is printec¢ for eack coluwnn of pasels on the patch,

K b4 Y Z cPi CrI Criicn PIASE Z-C Z-C

. L] [ . ° . L] . . L]
. . . . . » . . . .
L] . . L] L] . . * . .

e¢re, CPR, CPI and CPLOD are, respectively, the real and inaginary
vressure coefficicents and tle pressure coefficient modulus divided
by ; aund PUHASE is the plhase angle in degrees. ©Each coluumn is
followed by a summary of the section real and imeginary 1ift and
pitching mowents normalizec by local conditions and divided by a.

CLu CLI CLit Cli1
CLIOD CLPHASBL CLiIGD ClL:PIIASE

The phase argles are in degrees.
This sunwary and the ZI~-L, Z-C dctails are omitted if IDLKT=2.

The force and moment sumumary based on overall conditions is
printed for each pateh anc for t.e total counfiguration.
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ORIGINAL PAGE IS
OF POOR QUALITY,

1i IPRACPV=1 (see unmder IPRLLV om CARD 2 andror CLIL 22),

then the pressures aund velocity results are printed frou
suvrouvtine PLEIDIF.

'Patch Ho. = ...' Patch nuwmber of array of coruer

*Colunn lio, = ... point. Column number of array of
corner points, Vhen an array is
common to two columns, the samaller
column nunber is output.

NAIN CUTPUT OF CORNER POINT VALULS

P L A 7 Y PII VX vy vz VT cr

. . L d ] - [ ] L] . . * L4
. L] * . L] L] L] » . . -
. . L] L] [ ] . Ll bd L] . .

PIY is tke parel doublet velue (also tkhke surface perturbation
sotential). “P is the subscript of tlLe pamnel containing the
corner points, VYhken a point is comumon to two pauels the smaller
parel number is output., L is the location of thke cormer point
relative to tle pamnel, Humbering is 1 to 4, with 1 demoting the
top left-haud correr, Cther coruers are ntuierecd sequentially in
an anticlockwise direction, e.g.,, sce Figure 9.

After the wake skape iteratior loop, tke output from
subroutine STLIHE is printed (unless IBLTYP=0 &ard thiis is not thke
last viscous~potential flow solution).

STLU=n Teuel o, = ... Cide o, = ... I =

n is the streawmline number which is set sequentially by the
order of Jdata cards input., Othcr inforuation ouvtput in the saue
lize reproduces the input iaforumation om the data card, u, except
for Side No., If IS was set to zero in the input, tlLen Side Ho.
is the value determinec by tlke prograi.

The main ouvtput of points on the streauline are:
r . ¥ z Vi VY Vo VT CP bBS GK

wihere IUP is the panel nvudber; X, ¥, Z the point coordinates; VX,
VY, VZ, VT is thc velocity vector and its wmagnitude; CP2 is the
pressure coefficient; DE is the distance of the point along the
streamline; and C¥X has the significarnce of geodesic curvature ox
a body. Cn a wing it serves as a ucasure of convergence OFr
divergencc of streamlines.

The ouvtput frowm the boundary layer routine follows if NVPI>O
oun CALL 4(a). The calculated boundary layer characteristics arc
tavulated for each streamline and include the local skape
serameter anc skin friction coefficient. DIack table is prececed
by 8 suntzry of the strea.line geowetry and pressure
districution. '
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ORIGINAL PAGE %
OF POOR QuAaLITY
Qutyet fron the off-body wvelocity scan routimne coumes aeit,
+0r eaclh scan box the input data is printec first, follcewed by
I HLGX LOURT

waere I is tkhe scau-plane subscript iam the box, HNBOX; ICUIT is a
numnber writteu to the plot file (see below) to identify the scawn

plane, ThLe velocity and pressure data is then printed point by
poiat for each line in the plane.

o X Y z VX vy A\ A Cp

L] L] » . L] L] - L] .
L] » L) L] . L] L] L] -
] (] * L] [} ° L] . .

This data is also written to the plot file (TAFE 7) except tuat
ZCURT is substituted for K,

Jutgut frow: the off-body streatline routine comes last. he
input data for each streawmline is followed by the streanliunc
georzetry ard aerodynamic data.

J X Y Z VX VY va A Ca I R

lere, 1! is tLe local liack nurnber and & is the édistance easured
froi. the upstreawn end.

8.2 Plot File

Buring the executiorn of the program, an unformatted plot
file (TAPL 7) is assewbled as follows:

(i) Curface Pauel Geometry

For each parel there are fouvr recordc corntaining the
four cormer points.

Ly, X1, Vi, Z1
Nr, x2, ¥2, 2
Wr, X3, Y3, 4“3
np, X4, Y4, 24

There are g S€ts.
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OF POOR QUALITY
{ii) VYake Panel Ceonetszy
The waoake panel coruner points are written in tlhe szmie way as
the surface paunecls except the counter IIP starts at 3001, /ffter
¢aci pass the wake panel geometry is terwinated by
-iT, 0.0, €.0, 0.0

wiere IT is the wake shape iteration mumber (lIODE=1l) or the time-
step nunber (IODL=2).

For eack cycle the aerodynamic data follows tais line:
g (the total number of panels)
folloved by Ng Fecords:
NrF, ZC, ¥C, ZC, Vi, VY, Vz, Vv, Cp

I{ IiGDE=2, the last set of aerodynamic data is followed by
the vusteady pressure analysis; i.e., Ng records of

NP, XC, ¥YC, ZC, CPp, CPjy, CPugp: TMASE

Gii-body velocity data is placed next on the file
LOUNT, X, ¥, Z, VX, VY, Vi, VvV, CP

where LCUNT starts at 6001 anc is increnented by 1 for each scan
line, 1C for 2 scan planc and 10C for a bo=x.

"1, 0.0, 0;03 0-0
The streenline data comes next, The first record is
NLIIES

This is the total number of streamlines (i.c., on-body and off-
body). This is followed by ore record for easck streawmline.

I.AZ, ((sT(Y,r), ¥=1, 12), HPSL(IX), ¥=L, IIAX)
wlkere the guantities in the &T array include
X, ¥, &, vx, vr, V&, Vv, CpP, §
The MPSL(Z) values are surfacc panel subscripils crossed by the

strecwiine, Off-body strewnwlires are trecated in a similar vay

but HPSL values are zero in this case., The streawmline data is
teruainated with a -1 for INPEL. )
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Finally, the boundary layer date is placed on the tape with
two records per surfsce streamline,

JLINE - the stresmline number; sad
The records sre terminsted by setting JLINE=-1.

The boundary lasyer parameters are:

D(1) = x-coordinate

D(2) = y-coordinate

D(3) = z-coordinate

D(4) = s, distance along streamline

D(5) = v, velocity

DP(6) = du~-9s, rate of change of velocity along s direction

D(7) = B, shape fsctor

D(8) = §, displacement thickness

D(9) = THT, momentum thickness
D(10) = RTH, Reynolds number based on momentum thickness
D(11) = CFD, skin friction drag
'D(12) = CDS, skin friction from Squire and Young formula
D(13) = Displacement thickness divided by y-coordinate

ORIGINAL PAGE |
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Figure Al. Wing-Body Sample Case
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(a) General View

Figure A2 Patch Arrangement.
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